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2Abstract
MasterFoods® SnackFood and Confectionary Australia have constructed wetlands to 
process waste waste from their production plant. Effective treatment requires a 
biogeochemically balanced ecosystem with efficient nutrient cycling and trophic level 
structure. Unfortunately, the wetland process has not been successful, exhibiting poor 
water quality characteristics of high BOD, hypoxic to anoxic DO concentrations, and 
extensive and frequent cyclic algal blooms. The complexity of the problem stems from a 
three-fold association between high micro and algal biomass, absence of zooplankton 
grazers, combined with an absence of submerged macrophytes. Given this background,
four key research questions were raised:
x Could submerged macrophytes be effectively introduced into the system? 
x Would submerged macrophytes assist in the establishment and increase in 
zooplankton biomass, and ultimately the progression towards a clear water state?
x What could account for the absence of zooplankton in the wetland system? 
x If zooplankton are successfully introduced into theMars wetland system would 
their presence contribute to shifting the system from an algal-dominated, turbid 
state to a zooplankton dominated, clear water state?
A free water surface wetland was constructed in 1998 to combine secondary and tertiary
treatment of their waste effluent before discharge to sewer, the purpose of which was to
reduce biochemical oxygen demand (BOD), nutrients (nitrogen and phosphorous),
suspended solids (SS) and total dissolved salts. Emergent macrophytes planted to 
facilitate further effluent polishing were successfully introduced to the wetlands,
however a methanogenic, turbid, phytoplankton dominated state ensued. The 
3MasterFoods wetland system remained totally void of a zooplankton grazer, indicating 
that  a clear water macrophyte dominated state would not eventuate if a “top down” 
grazer community could not be established. Water quality assessment results indicated 
that ionic composition of the wetland water differed from that of regional natural 
wetland systems which support thriving zooplankton communities. 
The Mars wetland water was toxic to the copepod Boeckella triaticulata with an LC50 
evident at 50% exposure to Mars wetland water. Elevated levels of magnesium in Mars 
water may be responsible for zooplankton toxicity. Mortality was reduced by increasing 
calcium chloride (mg/L) concentrations to final treatment cell water, indicating it is not 
total salinity, but the relative proportion of ions in this conservative composition that 
disrupts osmoregulation mechanisms of B. triaticulata. Additionally, mortality in B. 
triaticulata was reduced by the addition of magnesium hydroxide to effluent water that 
had not been treated via the wetland, indicating the chemical species or interaction  of 
magnesium in the wetland may influence mortality response . Survival of submerged
macrophytes declined rapidly in MasterFoods wetland water, which may also be linked 
to the ionic composition of the water. Flowering inhibition of macrophytes in response 
to exposure to treated wetland water, reflects high bicarbonate conditions and limited 
free carbon dioxide in the wetland system. 
The findings highlight specific operational problems associated with the MasterFoods 
constructed wetland but do not identify all factors potentially responsible for poor water 
quality. The initial goal to polish factory effluent by using aquatic macrophytes to 
improve the treatment and quality of waste water has not been met due to high salt
levels, making the effluent unsuitable for irrigation on gardens and lawns, and high-
4suspended solids loads associated with elevated algal biomass, brands the water too 
costly to send to the sewer. 
Overall, the poor water quality identified is most likely a three-fold association between 
high algal biomass, the absence of zooplankton grazers, and the absence of submerged 
macrophytes. Reduction in salts via macrophyte uptake is evident but not significant 
enough to reduce salt levels to the concentrations suitable for irrigation. However, there 
is no evidence to support the tenet that the presence of zooplankton would in fact 
contribute to a shift towards a clean water state.  
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Thesis Outline
This thesis has been prepared and presented in the following order:
Chapter 1 introduces the literature relating to constructed wetlands and treatment 
systems,
Chapter 2 Discusses the background on MasterFoods Australia and New Zealand 
SnackFood, and the Deakin University partnership and the re-vegetation of shallow 
zones in the constructed wetland cells, historical water quality data of these cells, and 
the physical and chemical characteristics of the wetland water identified during course 
of this present project.
Chapter 3 evaluates the potential toxicity of the wetland water employing acute 48hr
ecotoxicological experiments using the Calanoid Copepod Boeckella triaticulata to 
determine what might be causing the absence of a zooplankton grazer in the wetland 
system. Bioassays conducted include;-
x Introduction of field collected B. triaticulata to various concentrations of 
MasterFoods waste water diluted with Lake Colac water (%) filtered to, 45 μm, 
0.45 μm and 0.22 μm.
x Investigation into the copepods ability to tolerate different ranges of pH, 
x Blue Food color, 
x The addition of Calcium Chloride (CaCl2) to Cell 5 water, 
x The addition of Magnesium Hydroxide (MgOH) to untreated effluent,
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x The addition of Magnesium Chloride (MgCl2) and Magnesium Sulphate 
(MgSO42-) to Lake Colac water at reduced and elevated pH. 
Chapter 4 investigates the survival potential of the submerged macrophyte Ruppia 
polycarpa using micro and mesocosom experiments. 
Chapter 5 examines the growth and survival of in situ emergent macrophytes in the 
wetland cells.
Chapter 6 provides a general overview of the project findings and conclusions and 
provides recommendations for future research and management of MasterFoods wetland
waste water treatment.
Plates, Figures and Tables in APPENDIX can be referred to when specified in the body
text in this thesis.
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Chapter 1
1 Introduction
Anthropogenic inputs that lead to the degradation of water resources have long been a 
concern of human society. With the exponential growth in the human population and 
ever growing need in industrial manufacturing which generates waste, the world is fast 
becoming aware of the green revolution and the creation of cost effective treatment 
methods to purify waste water (Fraser, Carty et al.; 2004). Cleaner production is now the 
basis for industry’s approach to waste minimization where companies are now starting 
to concentrate their investments to optimize both environmental and economic outcomes
(EPA; 1998). In dealing with the treatment of industrial waste water companies now 
employ a range of treatment practices and products that are used to treat waste water
before discharge to the environment. As environmental regulations have become more 
stringent on the quality of effluent discharged into natural waterways, manufacturers are 
now employing effective treatment methods to meet strict discharge requirements. 
The application of ecological engineering involving the design and development of 
constructed wetlands for the control of hyper-eutrophic and eutrophic industrial waste 
water has been well recognized for over 20 years (Gumbricht; 1993). The use of 
constructed wetlands for industrial waste water treatment are in use both overseas and in
Australia where they have gradually gained acceptance as design, construction and
operation experience has accumulated (Tanner; 1996; Chague-Goff, Rosen et al.; 1999; 
Tanner; 2001; Dipu, Kumar et al.; 2011).
Over the last few decades constructed wetlands have been shown to be highly efficient 
systems that treat waste water from industrial, urban and natural sources and have been 
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constructed in order to engineer secondary water treatment facilities (Fraser, Carty et al.;
2004; Ran, Agami et al.; 2004). The capacity for waste water purification by both 
natural and constructed wetlands is well-documented (Gersberg, Elkins et al.; 1986; 
Vrhovsek, Vlasta et al.; 1996; Greenway and Simpson; 1996; Tanner; 1996; Kadlec and 
Knight; 1996; Greenway; 1997; Salzman, Stagnitti et al.; 2001; Ragusa, McNevin et al.;
2004; Ran, Agami et al.; 2004; Sooknah and Wilkie; 2004).
The use of constructed wetland systems is based on their ability to reduce aquatic 
pollutants through a complex variety of biological, physical and chemical processes 
(Gersberg, Elkins et al.; 1986; Kadlec and Knight; 1995; Kadlec and Knight; 1996; Ran, 
Agami et al.; 2004).
Some pollutants include: 
x surfactants (detergents used in food manufacturing)
x Biochemical oxygen demand, total dissolved salts, suspended solids
x meat processing (contains quantities of blood)
x domestic effluent (pathogens)
x refinery effluent (hydrocarbon contamination in the form of naphthoic acid) from 
oil sand processing water (Gully and Nix; 1993)
x pulp and paper mills wastewater
x pesticides (chlorinated organics)
x dairy effluent
x Industrial effluents containing metals and phenol
x Nutrients (nitrogen, sulphur, phosphorous)
x Sugars (glucose, fructose)
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The method is based on natural processes for the reduction and removal of different 
pollutants by emergent, submerged and floating aquatic macrophytes that provide 
various types of waste water treatment (Gumbricht; 1993; Greenway; 1997; Kadlec and 
Knight; 1996; Ran, Agami et al.; 2004; Sooknah and Wilkie; 2004).
Progressively over time, as the biological system grows, the increased ability of 
constructed wetlands to process industrial waste water has been seen as an efficient cost 
effective way, usually requiring low maintenance (Chague-Goff, Rosen et al.; 1999).
It must be noted that the treatment performance of natural wetlands is unpredictable and 
design criteria for constructed wetlands cannot be extracted from results obtained in 
natural wetlands (Moshiri; 1993). From a management standpoint, constructed wetlands 
present fewer difficulties than natural wetlands particularly where natural wetland values 
must be protected (Sekiranda and Kiwanuka; 1998).
1.1 Constructed wetlands
Constructed wetlands or “reed bed treatment systems”, are man-made, engineered and 
managed to simulate the functions of natural wetlands in treating waste water under 
controlled conditions (e.g weirs and type of treatment) (Sekiranda and Kiwanuka; 1998; 
Ran, Agami et al.; 2004; Vymazal; 2010)
There are two groups of constructed wetlands that can be classified as either Free water 
Surface wetlands and Sub-surface Flow wetlands, although there can be variations of 
each (Shuib, Davis et al.; 2011).
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The oldest and most common is the free water flow constructed wetlands (Figure 1-1) 
and can either be horizontal or vertical flow in design. They are constructed as a basin 
that is sealed or number of basins filled with soil or other medium to support the growth 
of vegetation. The control of water maintains a shallow depth that are efficient in 
removing organics through microbial degradation and settling of colloidal particles 
(Vymazal; 2010). Phosphorous retention is very low due to the limited contact of water 
and soil particles which absorb and/or precipitate (Vymazal; 2010).
Figure 1-1 Schematic diagram of a free water surface flow constructed wetland.
Adapted from (Brix; 1993)
Situated in Queensland’s western region, the Blackall Shire Council has a free water 
surface wetland commissioned in 1993 and consists of four channels.  It has three 
macrophyte species planted out, one species in each channel with the forth channel 
remaining as open water (Greenway and Simpson; 1996). Owing to the lack of water, 
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requests from the public and interest from various shires, sewage effluent was 
considered as a resource going to waste so in order, to re-use the towns effluent safely, 
the wetland method was the most cost effective and efficient way of reducing pathogens. 
The Blackall Wetland has been able to achieve nutrient removal and the limited E. coli
testing had shown that pathogenic levels had approached health standards. The average 
BOD reduction is 46% and for suspended solids, 68%, however there was no significant 
reduction in phosphorous (Greenway and Simpson; 1996).
1.1.1 Horizontal subsurface flow constructed wetlands
Constructed horizontal flow wetlands (Figure 1-2) consist of a gravel bed sealed with an 
impermeable membrane to prevent leakage and planted with vegetation usually the 
common reed Phragmites australis (Vymazal; 2010). The waste waste water water
passes through the rhizosphere of the reeds and organic matter is decomposed by 
microorganisms, where by nitrogen is denitrified, and phosphorous and heavy metal 
fixed to the sediment (Brix; 1993).
The macrophytes serve to important functions in the process: (1) supply oxygen to the 
heterotrophic microorganisms in the rhizosphere, and (2) increase and stabiliz the 
hydraulic conductivity of the sediment. According to Brix (1993), the quantitative 
significance of the uptake of nutrients is negligible, as the amount of nutrients taken up 
by the macrophytes in the growing season only constitutes only a few percent of the total 
content introduced with the waste water.
30
Waste water that enters the inlet, flows  through the porous medium under the surface of 
the bed in a horizontal path until it reaches the outlet point where it is collected and 
discharged (Vymazal; 2010).
Sub-surface flow wetlands exhibit increased removal of nitrogen, phosphorous and 
heavy metals take place due to the wide variety of processes occurring within the soil, 
such as adsorption and filtration (Ran, Agami et al.; 2004).
Figure 1-2 Diagram of a horizontal subsurface flow wetland. 1) Inflow distribution 
zone filled with gravel, 2). impermeable layer, 3) filtration (root zones), 4)
vegetation, 5) water level of bed, 6) outflow collection zones, & outlet drainage, 7)
Outflow weir. Adapted from (Brix; 1993; Vymazal; 2010).
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1.1.2 Vertical subsurface flow constructed wetlands
The design may consist of several beds laid out in parallel with percolation flow and 
intermittent loading will increase soil oxygenation several-fold compared to horizontal 
subsurface flow systems (Brix; 1993). The beds are filled with gravel topped with sand, 
with reeds growing in the medium. During the loading period, air is forced out of the 
soil and during the drying period air is driven into the pore spaces in the soil, thus 
increasing oxygenation (Brix; 1993).
Liquid is dosed on the bed flooding the surface and then drains gradually down through 
the bed and is collected by a drainage network near the base. The liquid drains 
completely free, allowing air to refill the bed and create an aerobic condition suitable for 
nitrification (Vymazal; 2010). Consequently, constructed vertical flow wetlands are far 
more aerobic than horizontal flow constructed wetlands and do not provide 
denitrification.  
Vertical subsurface flow wetland exhibit sufficient hydraulic conductivity and improved 
rhizosphere oxygenation in the bed (Figure 1-3). The extent of organic matter and 
suspended solid  removal is very high due to the high hydraulic efficiency (low flow 
velocities  and high-hydraulic residence time combined with good settling conditions
(Ran, Agami et al.; 2004).
A pilot scale subsurface flow wetland system was built at the BP Amoco former Casper 
Refinery site in Wyoming (U.S.A) in 2001 to test whether a full-scale constructed 
wetlands could be used to treat recovered groundwater contaminated with petroleum 
hydrocarbons, principally benzene (Ferro, Logan et al.; 2002). Their remediation target 
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of <0.05 mg/L of benzene were frequently obtained, especially treatment cells 
undergoing forced aeration. Analytical results from inflow (before filter, before 
oxygenation, after filter and after oxygenation) showed benzene concentrations of 
between 0.1 mg/L and 0.5 mg/L and a significantly high result of 0.778 mg/L of benzene 
after a filtered inflow (Ferro, Logan et al.; 2002).
Figure 1-3 Diagram of Vertical Flow constructed wetland. 1) Filter sand, 2) outflow 
pipe 3) drainage pipes, 4) membrane, 5) vegetation, 6) effluent distribution layer.
Adapted from (Brix; 1993; Vymazal; 2010).
1.1.3 Macrophytes used in constructed wetlands 
There is a large diversity of aquatic plants used in constructed wetlands for treatment 
and polishing of waste water. The general requirements of plants suitable for use in 
constructed wetland waste water treatment systems according to Tanner (1995) is their 
ecological acceptability in that there is no weed, disease risk or danger to the ecological 
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or genetic integrity of surrounding natural ecosystems. Macrophytes must be tolerant to 
local climatic, pest and disease conditions, have tolerance to pollutants and 
hypereutrophic waterlogged conditions and not only have a high pollutant removal 
capacity but must be easy to propagate, establish, grow and spread quickly (Tanner; 
1996).
Different types of macrophytes grown in constructed wetland systems can be 
categorized by the property of plants and the roles they play. The aerial plant tissue of
the species Baumea articulata, Bolboshoenus caldwellii, Eleocharis acuta E. sphacelata 
and Phragmities australis (to name a few) were studied in light attenuation experiments
to reduce growth of phytoplankton. These aerial plants influence the microclimate and 
insulate the water during cold periods, reduce wind velocity that reduces the risk of re-
suspension of particles and capture and store nutrients. Apart from these properties they 
can be aesthetically pleasing to the eye (Brix; 1997). Macrophytes that have most of 
their plant tissues in the water include Triglochin procerum, Vallisneria nana and 
Ruppia polycarpa. These plants have a pronounced filtering effect that sieve out large 
debris. They reduce current velocity and increase the rate of sedimentation, which again 
reduces the risk of re-suspension. They provide a surface area for biofilm attachment 
and excrete photosynthetic oxygen which in turn increases aerobic degradation (Brix; 
1997).
The roots and rhizomes of aquatic macrophytes help stabilize sediment and reduce 
erosion. They prevent the medium from clogging in vertical systems and release oxygen 
which increases degradation and nitrification (Brix; 1997). Other than taking up 
nutrients, aquatic macrophytes release antibiotics that have been found to remove the 
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coliforms, salmonella, and enterococci. Other compounds that are released by 
submerged plants have been found to inhibit the growth (alleopathy) of other species of
plants and algae (Brix; 1997). Algae have been reported to secrete toxic and/or growth-
inhibitory substances. where antibiotic compounds have been extracted from both 
marine macro and micro algae (Lustigman, Lee et al.; 1992; Ohta, Chang et al.; 1993).
Highly productive species of Zizania latifolia and Glyceria maxima have advantages of 
maintaining a year round vegetation cover in warm temperate climates, without strongly 
pulsed seasonal dieback, which is likely to promote a more stable environment. The 
senescent shoots of the macrophyte Phragmities australis remain standing over winter.
providing continuous root zone aeration, although, potential rates of oxygen transport 
are likely to be considerably lower during these periods (Tanner; 1996; Brix; 1990).The 
water hyacinth Eichhornia crassipes known as a nuisance weed has been extensively 
researched at laboratory, and pilot scale studies for use in animal manure waste water
treatment (Sooknah and Wilkie; 2004). The application of E. crassipes and the 
duckweed Lemna spps have been used in the treatment of pig, dairy manure (Sooknah 
and Wilkie; 2004) and the species Lemna gibba has been investigated for use in 
domestic primary effluent (Ran, Agami et al.; 2004).
Chemical analyses on aquatic macrophytes have been used to estimate nutrient cycling 
and budgeting in ecosystems or to compare to performance values of different 
(Gumbricht; 1993; McJannet, Keddy et al.; 1995; Greenway; 1997; Sekiranda and 
Kiwanuka; 1998).
A study of several pilot wetlands by Greenway (1997) in tropical and sub-tropical 
Queensland investigated the translocation of nutrients within tissues of a total of 60 
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different plant species from 25 families (Greenway; 1997). These families were 
categorized into five plant types including emergent (31sp), trees (8sp), floating leaved 
(2sp), submerged (2sp) and free floating (11sp) which include vines and couch grass 
because they formed floating mats (Greenway; 1997).
Submerged and free-floating plants were analyzed as whole plants, both types exhibited 
high nutrient content with values being comparable to other studies. Emergent species 
showed no overall significance between nutrient concentration in leaves, stems, roots 
and rhizomes, though nitrogen was found to be highest in the leaves of most species
(Greenway; 1997). Investigations of emergent macrophyte species Baumea articulata,
Phragmities australis and Typha spp in temperate Australia found higher nutrient 
concentrations of nitrogen and phosphorous in the rhizomes (Greenway; 1997).
Floating leaved attached plants had slightly higher phosphorous concentrations and
significantly greater nitrogen concentrations compared to emergent species. Most of the 
floating macrophytes produced adventitious roots into the water column and would 
therefore be able to absorb dissolved nutrients directly from the water, as well as, from 
the sediment (Greenway; 1997; Ran, Agami et al.; 2004). It must be noted that in 
Queensland climatic conditions are advantageous to year round growth, where the 
rhizome is less likely to function as a storage organ for nutrients (Greenway; 1997).
1.1.4 Submerged macrophyte systems
Submerged macrophytes play an important role in forming a clear dominated state 
instead of a turbid phytoplankton dominated state in shallow freshwater lakes as 
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described in the theory of Alternative Stable States (Scheffer, Hosper et al.; 1994; 
Gervasi; 2008). Submerged vegetation can enhance water quality by reducing 
suspension of bottom material, providing zooplankton with refuge from plankton 
consuming fish, suppressing algae growth by competing for nutrients and releasing 
allelopathic substances that are toxic to algae (Takamura, Kadono et al.; 2003; Le Blanc, 
Pick et al.; 2004). Once an aquatic plants community develops in a lake, its close contact 
with the lake water strongly affects the dominant ecosystem processes, such as nutrient 
cycling, primary production and trophic transfer of substances and its response to both 
biotic and abiotic factors in the environment (Takamura, Kadono et al.; 2003).
Since most submerged macrophytes are rooted, they constitute a living link between 
sediments and the overlaying water. Bottom sediments in aquatic fresh water habitats 
acts as source and sink for heavy metals and different anthropogenic substances. These 
substances include carbon, nitrogen, sulfur and heavy metals most of which become 
absorbed into the benthic sediments (Halpern, Gasith et al.; 2002). Sediments are often 
complex mixtures of contaminants and play an important role where contamination can 
be stored and as a source of contamination to the overlying water (Fan, Wang et al.;
2000). Concentrations of heavy metals have been found to be greater in sediments than 
in the overlying water (Harrahy and Clements; 1997). Sediments that contain the above 
anthropogenic compounds and many more substances can be dangerous to benthic 
species in aquatic systems.
Submerged macrophyte systems are able to utilize and assimilate nutrients from polluted 
waters; however, submerged aquatic plants only grow well in oxygenated water and so 
are not used in waste water with a high content of readily biodegradable organic matter. 
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This is due to the microbial decomposition of organic matter that creates anoxic 
conditions (Brix; 1993).  The presence of submerged macrophytes depletes inorganic 
carbon in the water and increases the content of dissolved oxygen during periods of 
photosynthetic activity. The result is increased pH, creating optimal conditions for 
volatilization of ammonia and chemical precipitation of phosphorus (Brix; 1993). The 
assimilated nutrients are largely retained within in rooting tissues of the plants and by 
the attached microflora. The periphytic community readily takes up nutrient loss from 
the foliage upon senescence of macrophyte tissues, thus, very little leaves the littoral 
detritus and macrophyte epiphyte complexes (Brix; 1993). The submerged macrophyte 
Elodea canadensis, Ceratophyllum demersum and Hydrilla verticillata are some of the 
plants used in submersed based macrophyte systems.
In a paper by Barko and Smart (1980)  an investigation on mobilization of sediment 
phosphorous by three submersed macrophytes Egeria densa, Hydrilla verticillata and 
Myriphyllum spicatum, found that these macrophytes had the ability to derive their 
phosphorous nutrition exclusively from the sediments and phosphorous translocation 
from roots to shoots were adequate to maintain production of E. densa and M.  spicatum
in the range from 540 to 1120 g dry wt m-2.  This is in the range of annual net production 
reported for submersed plants on fertile sites (Barko and Smart; 1980). A submerged 
plants ability to remove harmful chemicals and metals from water bodies and largely 
from the sediments has been seen as a phyto-remediation tool in contaminated 
environments. Once the plants have absorbed compounds into their tissues the plants 
maybe then harvested and removed from the system, although disposing of plants in 
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landfill, for example, can cause contamination of the landfill site upon decomposition of 
plant tissue. As reported by Hart et al (1984), aquatic macrophytes can excrete heavy 
metals in the form of organic complexes. Once macrophytes die some of the associated 
heavy metals are released back into the water column and the rest is incorporated back 
into the sediments (Hart, Jones et al.; 1984).
1.1.5 Floating macrophyte systems
Free floating macrophyte systems use aquatic plants that are diverse in form of habitat, 
ranging from the large hyacinth  (Eichhornia crassipes) to minute surface floating 
duckweed species (Lemna, Wolffia and Spirodella sp (Brix; 1993).
The water hyacinth role in suspended solid removal aids to reduce the effects from wind 
mixing and minimize thermal mixing. Their shade restricts algal growth and their roots 
impede the horizontal flow movement of particulate matter. They are efficient in BOD 
and provide good conditions for microbial nitrification which is related to their 
capability of transporting oxygen from the foliage to the rhizosphere (Brix; 1993).
A dense cover of duckweed on the surface water inhibits oxygen entering the water by 
diffusion and the photosynthetic production of oxygen by phytoplankton because of low 
light penetration. The wetland water becomes largely anaerobic which in turn favors 
denitrification. 
The advantages of floating macrophytes as a phytoremeadiation tool is due to their high 
productivity and their potential for removing and recovering nutrients in waste waters
from animal based agricultural operations (Sooknah and Wilkie; 2004). The high 
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nutritive value of floating plants relative to many emergent species and the ease of 
stocking and harvesting has advantages when an efficient harvesting system is necessary 
(Sooknah and Wilkie; 2004). There is potential for harvested biomass of floating 
macrophytes to be used for composting, soil amendments, anaerobic digestion with 
methane production and processing for animal feed. Harvested aquatic biomass could 
also be mixed with separated manure solids to increase the amount of nutrients available 
for exporting off the site (Sooknah and Wilkie; 2004). Duckweed, for example; can be 
easily harvested from the water surface for further removal of nutrients; however, there 
are problems with duckweed clumping into mats due to wind disturbance. 
The different types of the above-mentioned macrophyte constructed wetlands can be 
combined to form a hybrid or multi-stage system. These would consist of: (1) a 
mechanical clarification step (2) a floating or emergent macrophyte based treatment 
system for secondary treatment, and  (3) a floating, emergent, or submerged macrophyte 
based step for tertiary treatment (Brix; 1993).
1.1.6 Advantages and disadvantages of constructed wetlands
Constructed wetlands for waste water treatment have several advantages compared to 
conventional secondary and advanced “waste water treatment systems” (Moshiri; 1993):
low cost of construction, site selection, flexibility in size, low maintenance, control over 
hydraulic pathways and retention time (Moshiri; 1993). Constructed wetlands can be run 
by relatively untrained personnel due to being a low-technology system and can also be 
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operated with more flexibility and they are less susceptible to variations in loading rate 
than conventional treatment  systems (Moshiri; 1993). Several pilot scale and 
operational studies have shown that constructed wetlands offer promising, low cost 
methods for removing contaminants from waste waters (Mitchell and Williams; 1982; 
Owen; 1982; Sekiranda and Kiwanuka; 1998; Tanner; 2001; Dipu, Kumar et al.; 2011).
The low energy requirements are an advantage as they are driven by solar radiation and 
ambient temperature. The temperature cycles on an annual and daily basis and are 
mediated by abiotic factors in the wetland environment. This leads to cyclic patterns in
evapotranspiration, photosynthesis and microbial activity (Fraser, Carty et al.; 2004).
The disadvantages of constructed wetlands are the increased land area required and 
decreased performance during winter especially in temperate regions (Moshiri; 1993).
Many treatment wetlands in temperate climates often operate at much lower level of 
nutrient removal efficiency in colder months. Cold temperatures decreases microbial 
activity resulting in the decline and inhibition in growth rates of nitrogen reducing 
bacteria (Spieles and Mitsch; 2000). At approximately 5º C the biological processes 
slow down or even cease  and the rate of nitrification becomes inhibited at water 
temperatures of about 10º C where rates drop rapidly at 6º C (Werker, Dougherty et al.;
2002; Fraser, Carty et al.; 2004). Sedimentation of nitrogen is important, especially 
during colder periods in temperate regions when biological activity decreases 
(Gumbricht; 1993). In contrast, a surface flow reed-bed lagoon has effectively been run 
at temperatures of -4º C in Northern China and in Norway a subsurface flow constructed 
wetland has operated successfully at temperatures of -20º C due to insulation of natural 
vegetation thatch and snow (Xianfa and Chuncai; 1995; Werker, Dougherty et al.;
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2002). They were also found to be advantages in cold climates because the treatment 
process is insulated from low temperatures by the ground (Werker, Dougherty et al.;
2002).
Studies on subsurface vertical flow systems in Canada have also shown that the use of a
thatch layer retains heat in the wetland environment, thus allowing high nutrient removal 
efficiency (Smith, Bis et al.; 1997). Overall, wetland environments demonstrate a high 
rate of efficiency during the summer macrophyte growing seasons followed by a 
reduced efficiency during the winter months. Laboratory studies have demonstrated the 
optimum temperature for nutrient removal in vegetated surface flow wetlands to be 
approximately 30ºC (Wood, Wheeler et al.; 1999). However, these temperatures are 
generally restricted to tropical and subtropical latitudes and rarely achieved in 
subsurface flow wetlands. 
1.2 Microorganisims in wetlands
Primary production provides the base for microbial processes, so wetlands have long 
been regarded as a candidate for waste water remediation (Brix; 1990). The most 
fundamental characteristic of waste water secondary treatment technologies and 
wetlands is that their functions rely heavily on the metabolism of microorganisms
contained within the sludge or biofilm (Ragusa, McNevin et al.; 2004). The biological 
communities in activated sludge are used in the nitrification process by suspended 
growth or attached growth sytems (Yeon et al. 2011). Bacteria and fungi are also
extremely important in wetland chemical processes and are classified by their ability to 
catalyze certain reactions. Enzymes that drive microbial metabolism control most 
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chemical transformations conducted by microbes. Microbial metabolism is not only 
dependant on the presence of appropriate enzymes, but also environmental conditions, 
such as temperature, dissolved oxygen and pH (Kadlec and Knight; 1996).
Microorganisms are classified by their metabolic requirements; where by the catabolic 
process of aerobic respiration decomposes carbohydrates to CO2, water, and energy 
(ATP). For full oxidation to occur, oxygen and hydrogen must be available as the final 
electron accepter in the electron transport chain (Krebs cycle). Chemoautrophic bacteria 
obtain their energy from the oxidation of reduced inorganic chemicals and use CO2 as a 
carbon source for cell synthesis. Chemohetrotrophs obtain energy from organic 
compounds for cell synthesis where carbohydrates are broken into pyruvic acid through 
fermentation or respiration. Bacteria in the genus Pseudomonas and Bacillus use nitrate 
nitrogen (NO3-) as the final electron accepter in cell synthesis, producing nitrite (NO2-),
nitrous oxide (N2O), or nitrogen gas (N2). Methanobacteria uses carbonate (CO3-2),
where by CO2 is the final electron acceptor forming methane gas (CH4). Desulfovibrio 
bacteria use sulfate (SO4-2) resulting in the formation of hydrogen sulfide (H2S).
Principally, in wetland systems, bacteria oxidize ammonia to nitrate nitrogen, a second 
microbial process (denitrification) that further reduces nitrate nitrogen to nitrogen gas 
which is then lost to the atmosphere (volatization) (Kadlec and Knight; 1996). Methanol 
is frequently added to these treatment systems due to the denitrifiers dependence on a 
source of reduced organic carbon for heterotrophic growth (Kadlec and Knight; 1996).
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1.2.1 Eutrophication
Eutrophication is by definition “the enrichment of water by nutrients especially 
compounds of nitrogen and phosphorus, causing an accelerated growth of algae and 
higher forms of plant life to produce an undesirable disturbance to the balance of 
organisms and the quality of the water” (ANZECC; 2000; Fraser, Carty et al.; 2004).
Consequently, there is a major need to remove nitrogen and phosphorous from waste 
water through treatment systems as effluent is sent to the receiving waters, in this case 
wetlands. At low concentrations they are essential inorganic nutrients that promote plant 
and microbial growth, however, increased inputs of nitrogen and phosphorous into 
aquatic systems can lead to eutrophication and ultimately to deterioration of water 
quality (Fraser, Carty et al.; 2004).
1.2.2 Nitrogen cycling in wetlands
Waste water treatment systems are designed for denitrification by including an anoxic
process after effluent nitrification. The denitrification process is carried out by bacteria 
which utilize both nitrate and nitrite as electron acceptors, under anoxic conditions
(Wilderer, Jones et al.; 1997). Facultative anaerobes play a critical role in this process 
and allow fermentation conditions to occur regularly in the treatment system. This will 
enrich the entire biological community for the bacteria that reduce nitrate to nitrite and 
no further, although a population shift must occur at the expense of denitrifiers which 
can reduce nitrite. The nitrobacteria species may grow in significant numbers in the 
combined-sludge systems (as mentioned above), which further enhances nitrite 
accumulation processes (Wilderer, Jones et al.; 1997). Adding excess nitrate and 
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ammonium ions to aquatic systems stimulates the rapid growth of algae and other 
aquatic plants, so the combination of a treatment facility and constructed wetlands can 
be beneficial for the removal of nitrogen and phosphorous from waste water.
Uptake and release of inorganic matter by aquatic macrophytes is the principle process 
of carbon, nitrogen and phosphorous recycling that naturally occurs within a wetland 
system. 
Physical sedimentation, organic matter dissolution, adsorption, filtration, microbial 
activity and combinations of nitrification/denitrification  are natural processes and if 
over loaded and out of balance can determine the biotic/abiotic structure of waste water
systems and receiving waters (Ran, Agami et al.; 2004).
Ammonia (NH4+) and nitrate (NO3-), considered to be the most bioavailable forms of 
nitrogen, are toxic to aquatic biota and at high concentrations toxicity increases with 
decreasing dissolved oxygen concentrations (ANZECC; 2000).
Nitrification is the principle transformation mechanism that reduces the concentration of 
ammonia nitrogen in aquatic systems by converting nitrogen to nitrate. Nitrogen 
transformations within ecosystems are complicated due to the unusual number of 
oxidation levels from an oxidation level of –III for ammonia to +V for nitrate
(Delwiche; 1970; Gumbricht; 1993). Sulphate on the other hand occurs in two forms due 
to the range of oxidation states found in wetland systems and are either SO4 in aerobic 
water and H2S in anaerobic waters (Kadlec and Knight; 1996).
The most important processes for nitrogen removal are ammonification (Reddy and 
DeBusk; 1987) nitrification, dissimilative nitrate reduction (denitrification) (Chan and 
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Campbell; 1980), assimilation, fixation (Wetzel; 1975) and volatisation of ammonia
(Reed, Middlebrooks et al.; 1988) (Gumbricht; 1993). Nitrification is a two-way 
microbial process and is mediated by bacteria in the genus Nitorosomas and Nitrobacter.
Both steps can proceed only if oxygen is present, although nitrification will still occur at 
dissolved oxygen levels as low as  approximately 0.3 mg/L (Kadlec and Knight; 1996).
Nitrosomonas carry out the first step of nitrification, which produces NO2- in the 
following reaction:-
NH4++ 1.5 O2ļ++ + H2O + NO2-
The bacteria Nitrobacter that produces NO3- in the following reaction carry out the 
second step:-
NO2- + 0.5 O2ļ123-
A review of nutrient levels for several natural wetland systems,  including marsh, fen, 
bog and cypress dome, reported that all have ammonia concentrations below 2 mg/L
(Kadlec and Knight; 1996; Clarke and Baldwin; 2002). In comparison, ammonia 
concentrations in municipal waste water were found to be higher than in natural systems 
with ranges from 12 to 50 mg/L (Metcalf & Eddy; 1991). In constructed wetlands 
treating animal wastes, ammonia concentrations often exceed 100 mg/L and maybe as 
high as 400 to 500 mg/L (Kadlec and Knight; 1996; Clarke and Baldwin; 2002). It must 
be noted that concentrations in this range may exceed what plants need to maximize 
biomass and additionally may inhibit plant growth (Clarke and Baldwin; 2002).
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While ammonia has been found to be toxic to a variety of plant species, few studies have 
examined ammonia toxicity to wetland plants at concentrations similar to those found in 
animal waste (Clarke and Baldwin; 2002).
An investigation of ammonia toxicity by Clarke and Baldwin (2002) exposing five
wetland plant species to ammonia concentration between 20.5mg/L and 82.4 mg/L in a 
4-month green-house experiment, found that only Shoenoplectus acutus was negatively 
affected at this concentration range. A longer term two year mesocosom study by 
Humenik et al (1999) found that Juncus effuses and S. tabernaemontani were
unaffected by an ammonia concentration of 175 mg/L with a tolerance concentration of 
350 mg/L (Humenik, Szogi et al.; 1999). Results from Clarke and Baldwin (2002), 
found that ammonia levels in excess of 200mg/L inhibited growth of Juncus effuse,
Typha latifolia and Saggittaria latifolia after a period of weeks. Their study found that 
ammonia significantly affected biomass production and relative growth rate for J. effuse,
S. tabernaemontani and T. latifolia however; ammonia levels in the range studied had an 
ambiguous effect on Typha angustfolia. Response curves resulting for each species 
showed that ammonia stimulate biomass production at low to moderate concentrations 
but inhibits biomass production at higher levels (Clarke and Baldwin; 2002).
An observational study conducted by Surrency (1993), found that Typha latifolia L. was 
stressed by ammonia concentrations that averaged 160-170 mg/L, while Shoenoplectus 
tabernaemontani tolerated the extreme conditions (Surrency; 1993). Decomposition 
experiments by Almazan and Boyd (1978) showed that extent and rate of decomposition 
from microbial activity on a low nitrogen content material can be increased by 
introducing more available nitrogen,  suggesting that rates of decomposition of dead 
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aquatic plants will be more rapid in eutrophic waters than oligotrophic systems
(Almazan and Boyd; 1978).
A more recent investigation into nitrogen processing in two small field-scale gravel bed 
wetlands with horizontal subsurface flow receiving primary meat processing water and 
four subsurface flow cascade mesocosoms recoieving primary dairy water, secondary 
dairy water and aerated secondary dairy water was implemented using the stable isotope 
15N as ammonium (Kadlec, Tanner et al.; 2005). The isotope 15N was pulse fed into the 
feed water of the mesocosoms and one field-scale subsurface flow wetland both 
containing the bullrush S. tabernaemontani. The other field-scale subsurface flow 
wetland remained unvegetated. The systems were operated at steady flow with nominal 
detention times of 4-5 days with incoming ammonium nitrogen range of 18.5 g/day to 
177 g/day. Removal of 15 to 90% for various feed waters, which had taken 120 days to 
clear the system. Small reductions in 15N over this period were attributed to 
nitrification/denitrification and a larger reduction due to plant uptake. The mesocosom 
tests were run for 24 days and showed a 1-16% of the tracer exited with water increasing 
with nitrogen loading. The majority of the tracer was located in the macrophytes (6-
48%) and the sediments (28-37%) with very small gas emissions. Their results indicated 
that  a rapid absorbtion of ammonium into a large sediment storage pool of which a 
small proportion was denitrified during the period of the experiment and macrophyte 
uptake claimed a fraction of the ammonium which can be determined by the plants 
requirement for growth rather than the magnitude of the nitrogen supply (Kadlec, Tanner
et al.; 2005). The observation of a rapid return of ammonium to the water indicated that 
the movement of 15N through the mesocosoms was comprised of a spiral uptake and 
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release along the flow path. They concluded that the interpretation of nitrogen dynamics 
in wetlands must include nitrogen spiraling through the wetlands and uptake of nitrogen 
by macrophytes. This greatly increases nitrogen residence time in treatment wetlands 
relative to the hydraulic retention time, resulting in long delays of treatment response to 
changes in nitrogen loading and attenuation of short-term fluctuations in loading 
(Kadlec, Tanner et al.; 2005).
1.2.3 Phosphorous cycling in wetlands
The most common ionic form of phosphorus in aquatic systems is orthophosphate (PO4-
P). Phosphorous mainly in the form of phosphate ions (PO43- and HPO42-) is an essential 
nutrient of both plants and animals (Fraser, Carty et al.; 2004).
The species of phosphorous are related by the pH-dependant dissociation series with 
hydrogen in the following reactions.-
H3PO4ļ+2PO4- + H+
H2PO4-ļ+324= + H+
HPO4=ļ324Ł+ H+
Phosphorous retention in constructed wetlands is based on the phosphorous cycle and is 
influenced by sorption, precipitation, sedimentation and re-suspension (Gumbricht; 
1993). The importance of the different mechanisms is determined by chemical 
conditions, pH and oxidation reduction potential as well as physical conditions like 
temperature and flow rate (Gumbricht; 1993). The reduced nature of most sediment 
types promotes high solubility of phosphorous (and other nutrients) so the processes of
phosphorous mobilization from sediments comes from uptake by macrophytes and 
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phytoplankton during their growing seasons. A study of phytoplankton in a Pit-Lake 
mine in Canada found that phosphorous was originally high, but rapidly decreased with 
phytoplankton growth combined with co-precipitation with iron (Kalin, Cao et al.;
2001). The adsorption and precipitation reactions through ligand exchange of inorganic 
phosphate with aluminum, iron, calcium and clay materials are important removal 
mechanisms for phosphorous in macrophyte systems (Tchobanoglous; 1987; Reed, 
Middlebrooks et al.; 1988). Phosphorous can leave the system by co-precipitation with 
other chemicals such as ferric oxyhydroxide and the carbonate minerals such as calcium 
carbonate (Kadlec and Knight; 1996).
Although some removal of phosphorous from the system is attributed to macrophytes 
the stored phosphorous in plant tissue will be returned back to the water during 
decomposition of plant tissue and litter (Barko and Smart; 1980; Kadlec and Knight; 
1996).
In small artificial lakes (pre-dams) in Europe, phytoplankton growth followed by 
sedimentation was a means of controlling eutrophication (Fiala and Vasata; 1982). Pre-
dams are small reservoirs situated directly above larger reservoirs and have total 
retention times of only a few days (Benndorf and Putz; 1987). The first stage in the pre-
dam is the process of nutrient removal, which involves the biochemical conversion from 
the dissolved to the particulate form mainly by phytoplankton. The second stage is the
sedimentation of phytoplankton and other particulate matter within the pre-dam or in the 
shallow inlet sections, thus reducing phosphorous loading to the main reservoir
(Benndorf and Putz; 1987). This sedimentation process is not only enhanced by the 
presence of natural precipitants and flocculants but also by an appropriate plankton 
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structure within the pre-dam. It must be noted that the geochemical conditions in the 
drainage area (pre-dam) can affect nutrient removal by influencing the nature and 
intensity of the processes involved (Benndorf and Putz; 1987). It is favorable, if the 
phytoplankton consists of algae having a high sedimentation velocity (above all 
diatoms), however blue-green algae are undesirable. Large densities of zooplankton, 
especially filter feeders such as Daphnia sp must be avoided because of the high grazing 
losses of phytoplankton and the resultant high intensity of the nutrient re-mineralization
(Benndorf and Putz; 1987).
A simple reduction in flow velocity allows adsorbed phosphorous to settle out of the 
water column (Gumbricht; 1993). Sedimentation is dependent on the phosphorous 
concentrations and also detention time and can be as high as 10 to 90% in summer and a
decrease to between 0 and 30% in winter (Gumbricht; 1993).
The major factor regulating the release of phosphorous from the sediments is that of the
redox conditions (Wetzel; 1975). The anaerobic conditions in and over the sediments are 
mainly due to microbial respiration but can also be brought about by nitrification and by 
abundant growth of submerged macrophytes followed by detritus formation (Moss; 
1980).
Mann and Wetzel (1996) collected leachate from live and senescent tissues of Juncus 
effuses L. and Typha latifolia and analyzed for dissolved organic carbon availability to 
wetland bacteria. The results indicated that the leachate of emergent macrophytes 
supports lower growth efficiencies than the more labile sources (e.g. algae, floating 
leaved and submersed macrophytes. The leachate of emergent plants reported in their 
study appeared to support higher bacterial growth efficiencies than the leachate derived 
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from terrestrial inputs (Mann and Wetzel; 1996). Mann and Wetzel (1996) point out that 
the high productivity of emergent macrophytes can provide major sources of dissolved 
organic matter to the recipient aquatic ecosystems. The uptake of nutrients and metals by 
plant tissues requires that the plants be harvested and adequately disposed of in order to 
eliminate them from the environment after decay (Fraser, Carty et al.; 2004). In 
constructed wetland systems where plants are not harvested nitrogen is mainly removed 
by denitrification (Gumbricht; 1993).
Apart from oxygen, nitrate also increases the redox potential and hinders escape of 
phosphorous from the sediments (Fiala and Vasata; 1982). Under aerobic conditions, 
phosphorus in lake sediments is immobilized due to sorption onto insoluble ferric oxides 
and hydroxides. However, if anoxia occurs phosphorus is released from the sediment 
due to the reduction of Fe (III) to soluble Fe (II) (Foy; 1986). Nitrate has been shown to 
have a dual effect on phosphorous release from anoxic sediments by keeping Fe 
oxidized and stimulating growth of Fe reducing bacteria (Jansson; 1986). If nitrogen is 
limiting the addition of nitrate stimulates iron-bacterial activity where by iron is first
reduced followed by mineralization leading to increased release of phosphorous (Jensen 
and Andersen; 1992).
From the modeling of a freshwater wetland, Mitsch and Reeder (1991) concluded that 
retention of phosphorous was primarily dependant on hydrological conditions and that 
re-suspension of phosphorous was in balance with inorganic sedimentation with an 
active plankton net sedimentation of approximately 3 mg P m-2 d-1 (Mitsch and Reeder; 
1991; Gumbricht; 1993). The factors that control the return–flow of phosphorous to the 
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system include the mineralization rate, bioturbation, diffusion, and turbulence either by 
wind or by mechanical aeration (Bryant and Bauer; 1987).
1.3 Trophic states of wetlands
Nutrient pollution can affect ecosystems directly or indirectly where the most common 
problem is the stimulation of growth of cyanobacteria and nuisance plants, which can 
dominate and change the dynamics of an aquatic ecosystem. The effects of 
eutrophication on aquatic ecosystems are well documented, although, the effects on 
wetlands are less well known (McJannet, Keddy et al.; 1995). McJannet, Keddy et al
(1995) stated that the consequences of eutrophication on plant communities are an 
increase in plant biomass followed by a decrease in plant species diversity during high 
production levels (McJannet, Keddy et al.; 1995)
All organisms are a potential source of food for other organisms and the sequence of 
food chain determines how energy moves from one organism to another through the 
ecosystem. In water bodies, a simplistic food chain based on phytoplankton, are in turn 
eaten by zooplankton and then by fish or similar predator. Generally the energy transfer 
is more complex due to the feeding relationships or “food web” and energy fluxes in 
existent ecosystems (Miller; 1994). The trophic state classification of water bodies,
relating to their catchments was originally described by Naumann (1919) and later 
refined by Carlson (1977) (Gervasi; 2008). The classification system is regarded as the 
simplest method to describe trophic status by prevailing limnologists and its foundation 
is based on the increase in plant biomass due to algal production that can be defined 
simply as the movement of the lake’s trophic state in the direction of more plant biomass 
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(Naumann; 1919; Carlson; 1977.; Gervasi; 2008). The trophic classification relies on 
three parameters, phyWRSODQNWRQ FKORURSK\OO Į 6HFFKL GHSWK (clarity of the water 
column), and total phosphorous concentration. 
1.3.1 Alternative stable states
The concept of ‘alternative stable states’ refers to the conversion of a highly turbid 
phytoplankton dominated wetland into a clear water, macrophyte dominated wetland 
(Scheffer, Hosper et al.; 1994). Once an aquatic system reaches a phytoplankton 
dominated state it is resistant to change, that is, to reverse back to a clear water state. 
This concept forms the basis of this study: using zooplankton as a bioremediation tool to 
control (top-down control) and regulate consumer effects on microbial food-webs,
primarily algal growth in the MasterFoods wetland system. The possibility of using ‘top 
down’ control of phytoplankton as a way to reduce eutrophication of lakes is an 
important focus in applied limnology (Scheffer and Rinaldi; 2000). If the introduction of 
zooplankton crustaceans in the MasterFoods wetland system is successful, they may 
facilitate a switch by reducing phytoplankton turbidity and enhance a clear water state 
dominated by macrophytes. 
1.3.2 Top-down and bottom-up biomanipulation
The ‘Biomanipulation’ is the term used to describe the restoration of eutrophied lakes by 
altering the biological interactions for a desired purpose. Biomanipulation is commonly 
used in lakes that are small, shallow and in closed systems and tends to work well in 
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shallow lakes because organisms are not spatially separated by depth (Riedel-Lehrke; 
Spring 1997). In the northern hemisphere a favored eutrophication management tool is 
the minimization of key nutrients (especially phosphorous) and has resulted in the 
decrease in frequency and intensity of algal blooms (Boon, Bunn et al.; 1994).
The trophic cascade theory purported by Carpenter and Kitchell (1992) asserts the 
manipulation of a trophic level induces modifications to the immediate upper level or 
lower trophic level. When these changes occur, at the upper level of the trophic pyramid, 
the model is called “Bottom-up” and when they occur at lower levels the model is called 
“Top-down” (Carpenter and Kitchell; 1992).
The term ‘Bottom up’ infers the assumption that nutrient dynamics are central to 
controlling algal blooms (Boon, Bunn et al.; 1994). The “Bottom-up strategy consists of 
the reduction of external nutrients, pollutants, and organic matter supplies (Moss, 
Stansfield et al.; 1996). Although there is evidence to support the existence of ‘Bottom 
up’ control, large reserves of nutrients are often trapped in the sediments and substantial 
improvements in water quality may take years (Moss; 1988).
The biomanipulation “Top-down” concept was conceived in 1975 (Shapiro, Lamarra et 
al.; 1975) with an alternative approach to chemical and physical treatments for lake 
restoration. A fellow named Caird had already observed a situation in a Connecticut 
pond (U.S.A) that suffered algal blooms and required copper sulphate treatments several 
times a year (Riedel-Lehrke; Spring 1997). The introduction of Perca fluviatilis L (large-
mouth bass) in the lake eliminated the need for copper sulphate treatments, however it 
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was unclear to him that the reduction in algal blooms was due to the grazing from P.
fluviatilis L (Benndorf; 1995; Riedel-Lehrke; Spring 1997).
Another ‘Top-down’ biomanipulation method that is claimed to control algal blooms in 
wetlands is to speed up removal of noxious phytoplankton by increased consumption by 
herbivorous zooplankton (Boon, Bunn et al.; 1994). One method that increases 
zooplankton in lakes that contain planktivore fish is to dose the water body with a 
chemical to promote a fish kill. Rotenone (a powdered form of Derris root in 5% 
formulation) is a powerful piscicide used to restructure and remove fish communities 
(Riedel-Lehrke; Spring 1997) however at lower doses can target particular fish species.
Another method to increase zooplankton is re-stocking the water body with Piscivores
which increases predation and reduction of planktivores. This leads to a decrease in 
predation of zooplankton (Riedel-Lehrke; Spring 1997) followed by a reduction in algal 
blooms. 
Results from a study by Griffin and Rippingale (2001) indicated that the type of algae 
present is as significant in structuring the composition and biomass of the zooplankton 
community as zooplankton are in structuring phytoplankton communities. It therefore
follows that the ability of zooplankton to exert top-down control over phytoplankton 
biomass may be influenced by both the type of algae and type of zooplankton present
(Griffin and Rippingale; 2001).
There is however, disagreement in the literature that biomanipulation, trophic cascade 
and top-down theory may be unsoundly based on half-truths and over extrapolation of 
the data (DeMelo, France et al.; 1992).
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1.4 Dissolved Oxygen in wetland systems
Dissolved oxygen (DO) and redox potential (Eh) are measures of the oxygen availability 
and oxidation potential in the water and sediments respectively. DO can range from zero
to double the theoretical solubility in response to many ecosystem variables (Kadlec and 
Knight; 1996). Wetland surface waters typically have a high DO at the air water 
interface and low DO at the water sediment interface (Kadlec and Knight; 1996).
Increases in DO can be attributed to algal processes and during bloom conditions algal 
photosynthetic production can cause a significant supersaturation of dissolved oxygen in 
water (Kadlec and Knight; 1996). The decomposition of macrophytes can also consume 
large amounts of oxygen and high ecosystem respiration rates coinciding with plant 
decay have been reported in wetlands (Kaenel, Buehrer et al.; 2000). The complete 
decomposition of aquatic plants would result in dissolved oxygen utilization equal to the 
amount produced during growth and at the same time as regeneration of all particulate 
nutrients (Jewell; 1971). Low dissolved oxygen can have adverse effects on many 
aquatic organisms, including fish, invertebrates and microorganisms (ANZECC; 2000)
since oxygen plays a critical role in cell metabolism. An additional adverse effect in low 
dissolved oxygen wetland systems, is the potential for elevated ammonia which can be 
toxic to both plants and animals (Fraser, Carty et al.; 2004).
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1.4.1 BOD removal processes 
Biochemical Oxygen Demand (BOD) is the amount of oxygen required for 
biodegradation of compounds by microbes growing under aerobic conditions. The test is 
performed on an appropriately diluted sample (below any toxic effect concentration), at 
a defined temperature (normally 20oC) and for a standard period of 5 days, although can 
be longer for specific purposes (Kadlec and Knight; 1996).
The ability of reed plants to transport oxygen and therefore support a population of
aerobic microorganisms in the rhizosphere is one of the key mechanisms for efficient 
BOD removal and nitrogen removal (Brix, Sorrell et al.; 1992). As the number of 
constructed wetlands grows an increasing amount of research worldwide is being 
conducted in order to evaluate the efficiency of treatment wetlands. In the Czech 
Republic 14 subsurface flow wetlands have been monitored throughout the country for 
both organics and nutrient removal (Vymazal; 1996). The efficiency for BOD was 
between 77-98% and varied for nitrogen with a maximum of 60% removal efficiency
(Vymazal; 1996; Fraser, Carty et al.; 2004). In Texas, America eight household 
constructed subsurface flow wetlands were monitored (Neralla, Weaver et al.; 2000).
They had determined that after one year of operation the BOD removal efficiency was 
between 80-90%, however nutrient reduction was relatively low at below 40% (Neralla, 
Weaver et al.; 2000; Fraser, Carty et al.; 2004).
A comparison of planted subsurface wetland cell to an identical unplanted cell to treat 
municipal waste water in Iran was conducted. In all cases the planted cell was more 
efficient than the unplanted cell, with an efficiency of 93% for BOD, 56% for removal 
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of phosphorous, and 34% for removal of nitrogen (Badkoubi, Ganjidoust et al.; 1998; 
Fraser, Carty et al.; 2004).
The examination of possible pathways of oxygen transport within Phragmites australis
into the soil, found that there was a failure to effect a pressurized gas-flow through the 
rhizomes. This led to the detection of secondary barriers to longitudinal gas-flow and 
appeared to be in response to wounding leading to tissues regions being impenetrable to 
gases, flooding and probably to microorganisms (Armstrong and Armstrong; 1988). In 
the rhizomes and roots of Phragmites, there had been a failure to oxidize the methylene-
blue, there were invariably additional features such as waxy cuticles or suberized and/or 
heavily lignified cell walls. Methylene-blue oxidation measures showed oxygen release 
from underground parts was most rapid from young adventitious and secondary roots 
and particularly basal tufts of fine laterals (Armstrong and Armstrong; 1988). Zones of 
oxidation also occurred around the sprouting tips of horizontal and vertical rhizomes. 
Dormant tips showed very little oxidizing power, whilst the rhizomes themselves and the 
older parts of adventitious roots showed none (Armstrong and Armstrong; 1988). They 
had demonstrated that the regions of the rhizome wall opposite adventitious root initials 
either lacked lignin or suberin or had developed much less than elsewhere indicating that 
the presence of a waxy cuticle presumably accounts for the lack of oxygen efflux in 
these parts (Armstrong and Armstrong; 1988). They did maintain however, that regions 
of the hypodermis opposite lateral root initials were not lignified or suberized and that it 
was possible that oxygen may be lost from the root at these points (Armstrong and 
Armstrong; 1988).
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Most treatment wetlands receive a BOD loading that drives the dissolved oxygen down 
to approximately 1 to 2 mg/L. The total BOD of waste waste water water entering the 
treatment wetland is primarily composed of two components, a carbonaceous oxygen 
demand, and a nitrogenous oxygen demand, that impact on dissolved oxygen 
concentration (DO). DO is depleted in a wetland due to the oxygen requirements of
sediment litter oxygen demand, respiration, dissolved carbonaceous oxygen demand 
(COD), and dissolved nitrogenous oxygen demand (NOD). The sediment oxygen 
demand is the result of decomposing detritus generated by carbon fixation as well as 
decomposition of precipitated organic solids that entered with the water. The NOD is
exerted primarily by ammonium nitrogen and may be supplemented by the 
mineralization of dissolved organic nitrogen. Decomposition in the wetlands also 
contributes to NOD and COD (Figure 1-4). Microorganisms attached to solid surfaces in 
the water column mediate reactions between DO and other oxygen consuming chemicals
(Kadlec and Knight; 1996). In many aquatic plants, gas transport is accomplished by 
simple diffusion and release of oxygen from root surfaces, creating a rhizosphere that 
can oxidize phytotoxins such as sulphides and reduced metal ions within the sediment 
water interface (Brix, Sorrell et al.; 1992). Three routes for atmospheric oxygen transfer 
exist: direct mass transfer to the water surface, and convective transport down both live 
and dead stems and leaves of plants (Kadlec and Knight; 1996). The convective transfer 
of oxygen down live and dead plants, the plant aeration flux (PAF), is balanced by root 
respiration and may contribute to other oxidative processes in the root zone (Kadlec and 
Knight; 1996).
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Figure 1-4 Oxygen interactions in the wetland environment. Biochemical oxygen 
demand (BOD) and nitrogenous oxygen demand (NOD) are subject to consumption 
and generation within the litter and sediments. Atmospheric carbon also 
contributes to BOD return to the water via decomposition. Plant aeration flux 
(PAF), net radiation reaching the ground (RN =MJ/m2/d) and net outgoing long 
wave radiation (RB=MJ/m2/d) (Kadlec and Knight; 1996)
Rooted aquatic macrophytes exist in environments that demand physiological adaptation 
to contrasting oxygen and redox regimes. They are important for oxygenation of 
anaerobic sediments due to their internal physiological mechanisms of oxygen transport 
(Barko and Smart; 1980). The use of aquatic vegetation in constructed wetlands plays an 
important role since the diffusion of oxygen from roots creates conditions needed for the 
development of microorganisms that participate in the aerobic decomposition of organic 
matter. The roots create large surface areas for microbial and biofilm development that 
enables filtration and adsorption of sediment inorganic matter (Barko and Smart; 1980; 
Vrhovsek, Vlasta et al.; 1996). The lacunae provide a pathway for gas transfer of oxygen 
to rhizomes and roots to meet respiratory requirements or transfer of carbon dioxide 
from roots to leaves (Sand-Jenson; 1977). Sand-Jensen and Claus Prahl (1982) found 
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that L. dortmanna L exchange approximately six times more oxygen over the root 
surface compared to that overleaf surface, and proposed that lacunae in these plants were 
an effective conduit for gas exchange between leaves and the sediment. The lacunal 
system also provides buoyancy to the plant and may serve as a gas reservoir (Sand-
Jenson; 1977). Extensive lacunae and the diffusional barrier for gases in  L. dortmanna
L,  facilitate recycling of oxygen and probably carbon dioxide within the plant sediment-
system (Sand-Jenson and Prahl; 1982). Some species of macrophytes have significantly 
higher gas fluxes which is achieved in the lacunar system by pressurized convective 
flow gases (Brix, Sorrell et al.; 1992). Internal pressurization and convective gas flow 
are important adaptations for growth in an anoxic sediment, offering a competitive 
advantage over species that rely exclusively on diffusive gas transport (Brix, Sorrell et 
al.; 1992).
The effect of oxygen consumption by aquatic plants and animals can be observed as a
decrease in DO overnight (Kadlec and Knight; 1996). During the day when
photosynthesis is occurring below the water surface (in the case of biofilms and 
phytoplankton), oxygen is added to the water. Large blooms of algae have been reported 
with raised oxygen levels of 15 to 20 mg/L which is more than the saturation solubility 
resulting from waste waste water water addition (Schwegler; 1978; Kadlec and Knight; 
1996).
1.4.2 Suspended solid removal processes
One of the major functions performed by a wetland ecosystem is the removal of 
suspended solids. Slow moving of water combined with the presence of aquatic 
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macrophytes or substrate promotes fallout and filtration of solid materials from the water 
column (Kadlec and Knight; 1996). The transfer of suspended solids from water to 
wetland sediment has important consequences for both water quality and functioning of 
the wetland ecosystem (Kadlec and Knight; 1996). Tanner (1993), investigated the short 
term establishment and growth response of vegetative propagules of Egeria densa to 
varying suspended solid levels, that were independent of other environmental factors,
such as grazing and disturbance. Tanner (1993) found that the accumulation of 
suspended solids on leaf surfaces that are incorporated within the epiphytic complex, 
may reduce light levels and promote senescence of plants in the longer term (Tanner, 
Clayton et al.; 1993). Submerged stems and leaves of macrophytes provide large 
surface areas for biofilm growth. Macrophyte tissues are colonized by dense 
communities of photosynthetic algae, bacteria and protozoa (Gumbricht; 1993).
Consequently the movement of a pollutant from the water to the target cell in an aquatic 
organism is not straightforward i.e. it must be transported through the water column,
then across the stagnant water layer to penetrate the biofilm whilst undergoing chemical 
transformation by the microbial community within the biofilm (Kadlec and Knight; 
1996). In the case of nitrogen-based molecules, the presence of suspended solids is 
thought to accelerate the nitrification process. Bacteria as catalysts stimulate the 
nitrification process, so the elevation of suspended solids would lead to an increase in 
bacterial populations and thus enhanced nitrification processes (Xia, Yang et al.; 2004).
Surface free wetlands like the MasterFoods wetland, process sediments, and total 
suspended solids in a number of ways. After the suspended material reaches the wetland,
it joins large amounts of internally generated suspended material, both of which are
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transported across the wetland. Trapping and re-suspension occur during transportation
through the wetland by macrophytes. For example, algal debris may form at one location 
and then deposit at another location further down the wetland. Re-suspension of such 
debris can be caused by wind turbulence, bioturbation and gas lift, and in open water 
areas wind driven currents can generate surface flow in the wind direction and return 
flows along the bottom in the opposite direction (Kadlec and Knight; 1996) .
The MasterFoods wetland is in a turbid state due to elevated suspended solids and algal 
biomass. Sustained increases in turbidity have been implicated in the smothering of 
epiphytes and decline of submerged macrophytes. As the turbidity increases, the light 
scattering and absorption reduces the depth of the euphotic zone, and alters the vertical 
gradient of light intensity and spectral quality therefore reducing submerged plant 
growth (Tanner, Clayton et al.; 1993)..
Light limitation is thought to be the primary factor effecting growth and depth 
distribution of submersed aquatic macrophytes (Barko; 1981), and is known to be 
particularly limiting, where it is attenuated exponentially with depth and turbidity
(Barko; 1986; Carpenter and Lodge; 1986). However, under certain high turbidity
conditions, macrophytes may allocate resources to shoot elongation that in-turn leads to 
shading (Tanner et al 1993). The importance of light availability to the productivity and 
distribution of aquatic macrophytes extends also to other aquatic plants in wetland 
systems, suggesting that light availability within dense stands of aquatic macrophytes is 
limited to the extent that macrophytes potentially shade phytoplankton even at midday.
Thick stands of emergent macrophytes that cause shading also contribute to the 
deposition of litter. High covers of litter have been found to reduce shoot densities and 
64
biomass of Typha augustifolia stands by more than 50% (Jordan, Whigham et al.; 1990; 
Tanner; 2001). The shading of phytoplankton by macrophytes aids in reducing algal 
blooms and potentially reduces the incidence of large blooms in open water bodies. 
65
Chapter 2
2 MasterFoods Snackfood Australia and New Zealand
MasterFoods Snackfood Australia and New Zealand is located in the city Ballarat, 
Victoria, southeastern Australia (Figure 2-1) and produces around 3,500 tones of snack 
food and confectionary every four weeks. MasterFoods as a corporation prides itself in 
maintaining a worldwide commitment to best practice for waste water treatment and 
management. They have been aiming to improve the quality of the waste water it
discharges to sewer as part of its trade waste agreement with Central Highlands Water 
(CHW)(WATER ECOscience Pty Ltd & AWT Pty Ltd; 1998). In order to comply with 
recommendations from CHW and to reuse water on the factory grounds, MasterFoods
had constructed an artificial free water surface wetland in October 1998 to aid in the 
water purification of effluent produced from their factory. 
Figure 2-1 MasterFoods is located in the city of Ballarat in the state of Victoria, 
Australia (Honour , Birrell et al.; 1987)
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2.1.1 Factors for the design of the MasterFoods constructed wetland
Modelling calculations (Reed, Middlebrooks et al.; 1988) of the proposed wetland 
system had been carried out to determine expected performance (WATER ECOscience 
Pty Ltd & AWT Pty Ltd; 1998). The basic treatment mechanisms built into the wetland 
include sedimentation, chemical precipitation and adsorption combined with microbial 
interactions. It was assumed that sufficient oxygen was to be supplied to meet the 
demand placed on the system by effluent BOD, where by BOD loading can be the 
limiting design factor. The basis for this limit is the maintenance of aerobic conditions 
with the upper water column thus controlling odours. Surface aeration can be significant 
under windy conditions or surface turbulence could be created by mechanical means. 
Moderate BOD loading of approxiamately 60/kg/ha/day for the entire wetland and 
recommended design loading rates were in the range of 100-110 kg/ha/day. The majority 
of oxygen demand is placed in Cell 1 and Zone A of Cells 2, 3 and 4. 
The modelling assumed that the majority of organics are not resistant to biological 
decomposition and some organic pollutants persist in the environment for a significant 
amount of time (WATER ECOscience Pty Ltd & AWT Pty Ltd; 1998). The 
characteristics of the organics within the effluent had not been performed although since 
the organics is derived from food production it was thought that the organics were 
unlikely to be resistant to decomposition (WATER ECOscience Pty Ltd & AWT Pty 
Ltd; 1998). The installation of a new DAF proposed at this time, would achieve a BOD 
reduction from 350 mg/L to 200 mg/L (43% BOD reduction). The modelling results 
indicated that the BOD treated effluent should consistently be below 20 mg/L, wher by 
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results were taken to a lower limit of 10 mg/L to account for BOD produced naturally 
within the system (WATER ECOscience Pty Ltd & AWT Pty Ltd; 1998).
It was expected that suspended solid removal from food production iwould be by 
organic decomposition in time, leaving minimal residues and that the removal is not 
dependent on settling rate but rather adsorption on biofilms (WATER ECOscience Pty 
Ltd & AWT Pty Ltd; 1998).
It had been assumed that the new DAF system would achieve a reduction in suspended 
solids from 370 mg/L to 110 mg/L (90% reduction), where by their modelling prediction 
of treated SS on average would be 4.9 mg/L with a maximum concentration of 33.3 
mg/L. A maximum SS concentration in the effluent of 2,800 mg/L recorded on the 
23/2/98 would be sent directly to the sewer under normal operation (WATER 
ECOscience Pty Ltd & AWT Pty Ltd; 1998).
System modelling under the worst case scenario (one Cell off-line) had showed that the 
effect on SS concentration was small and under maximum flows of 27m3/hr increased 
the average SS effluent concentration to 5.2 mg/L (WATER ECOscience Pty Ltd & 
AWT Pty Ltd; 1998). Given the large retention time in the wetland (16 days), treated 
effluent will be <20 mg/L provided spikes of poor quality waste water is diverted 
directly to the sewer. 
Modelling calculations for phosphorous removal (Reed, Middlebrooks et al.; 1988),
assumed that the new DAF would achieve an 80% reduction in total phosphorous in the 
effluent before entering the wetland. Results of two tested TP levels of 5.8 mg/L on 
15/5/97 and 16 mg/L on the 29/5/97 gave predicted effluent quality of approxiamately 
0.8 mg/L. Phosphorous concentration should be < 0.01 mg/L to avoid algae blooms 
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(WATER ECOscience Pty Ltd & AWT Pty Ltd; 1998). Predicted total phosphorous 
concentration in the effluent under normal operation and worst case scenario (one cell 
off-line) was calculated at < 2 mg/L with performance limits set at approximately < 5 
mg/L (WATER ECOscience Pty Ltd & AWT Pty Ltd; 1998). For efficient wetland 
operation, spikes of poor quality water are to bypass the wetland if TP > 20 mg/L. 
Nitrogen removal predictions were made on the basis of a first order equation derived 
from a database on recorded wetland performance (Reed, Middlebrooks et al.; 1988) and 
provides a conservative performance estimate. Given a Total Kjeldahl Nitrogen 
concentration of 25 mg/L, the expected ammonia concentration under normal operation 
would be approximately 0.5 mg/L (WATER ECOscience Pty Ltd & AWT Pty Ltd; 
1998).
Nitrogen removal is extremely sensitive to temperature and residence time, where by the 
worst case scenario of freezing water temperature, maximum flow rates and a cell off-
line for maintenance the expected ammonia concentration was predicted to be 
approxiamately 9.8 mg/L (WATER ECOscience Pty Ltd & AWT Pty Ltd; 1998).
The assumption that the new DAF unit would have a TKN removal efficiency of 
approxiamately 40% and that treated effluent into DAF No 2 would exhibit a TKN of 
approximately 25 mg/L. The TKN exiting the DAF was predicted to be approximately 9 
mg/L with performance limits of < 5 mg/L of TKN from a predicted effluent ammonia 
concentration of < 0.05 mg/L. The with a worst case scenario for performance limt for 
TKN was predicted to be approximately < 15 mg/L and < 10 mg/L for a predicted 
ammonia (WATER ECOscience Pty Ltd & AWT Pty Ltd; 1998).
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The constructed wetland and factory site lies adjacent to industrial and dry land farming 
areas and is boarded by the Ring road on the south, the Adelaide-Melbourne Railway on 
the north, agricultural land on the west and a wetland (Flax Mill Swamp) towards the 
east which now has become a golf course (WATER ECOscience Pty Ltd & AWT Pty 
Ltd; 1998). Indigenous flora from the site had previously been cleared for agricultural 
purposes and then for the construction of facilities for MasterFoods confectionary. The 
previous flora would have been grassland associated with the basaltic plains (WATER 
ECOscience Pty Ltd & AWT Pty Ltd; 1998). Two rows of Pinus radiata run along the 
northern boundary of the property and provide shelter and habitat for some wildlife, 
although it is not sufficient enough to support any significant populations of native birds 
or mammals (WATER ECOscience Pty Ltd & AWT Pty Ltd; 1998).
Feasibility characteristics of the site were explored before construction of the wetland
system took place. 
x The availability of land, as this limits the size and shape of wetland systems to 
optimize treatment efficiency.
x The topography and utilization of gravity flow, to minimize energy for pumping 
water to and from the site. 
x Geology and soil properties, required to be relatively impermeable to protect 
ground water. Soils in and around the MasterFoods site, are derived from 
quaternary basalt, and contain small medium rocks and boulders. Analysis of two 
samples, one taken from the UASB plant and one from the south paddock, 
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indicated that the soils are mildly acidic and generally uncontaminated with 
heavy metals (WATER ECOscience Pty Ltd & AWT Pty Ltd; 1998).
x An enhancement of recreational and aesthetic values, as MasterFoods prides
itself on being a ‘green corporation’.
x Requirements for ease access and maintenance of pumps, pest control and the 
monitoring of nutrient levels leaving the treatment facility in the factory.
An important consideration in the design of the wetland shallow zones is that they not 
only prevent short-circuiting within the wetland system, they can also be used to plant 
emergent macrophytes endemic to the region, as opposed to planting exotic species
which may disperse into surrounding creeks and lakes leading to a damaging effect on 
those ecosystems. Experimental efforts involving the introduced submerged macrophyte
species of Egeria densa Planc, Hydrilla verticillata Royale and Myriphyllum spicatum 
L, have demonstrated a significant ability of these species to displace native aquatic 
vegetation in North America (Barko; 1981) and have been found to be a weed pest in 
Australian creeks and water ways. The use of endemic macrophyte species has 
advantages in local temperate latitudes for which they have adapted. 
2.1.2 The MasterFoods constructed wetland system
The MasterFoods wetland system was built in the late 1990s and put into operation in 
1998. The MasterFoods constructed wetland (Figure 2-4) covers approximately 18,000 
m2, which incorporates an initial receiving pond (Cell 1) with a mechanical aerator or 
blower. Water then flows to three ponds (Cell 2, 3 and 4) which are composed of un-
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vegetated deep sections (1.5m) and vegetated shallow sections (0.4m) dominated by 
emergent macrophytes (Figure 2-2). The deep zones are designed to provide a low 
resistance path for water to move laterally and allow a constant head across the wetland
(Kadlec and Knight; 1996). They provide extra detention time and effectively change the 
overall degree of mixing within the wetland. The mixing is due to the interception of 
high speed rivulets mixing with slower moving water (Kadlec and Knight; 1996). The 
deep zones also add a potential for wind mixing where water is more efficiently 
distributed over the wetland, thus improving the total area efficiency and prevent short 
circuiting (Kadlec and Knight; 1996).
Wetland Cells 2, 3 and 4 are approximately 700m long and range in width of between
10- 30 meters. Cell 5 is approximately 1,000 m2 provides storage for pumping 
requirements and additional water quality treatment. The water is pumped from Cell 5 to 
Cell 6 under a controlled regime. Water flow is retained throughout the macrophyte beds
to increase contact time for optimal performance in Cells 2, 3 and 4. The hydraulic 
retention time of the system was major factor in design and was set to approximately 16 
days. MasterFoods produce between  120000 and 180000 m3/yr of waste water
(Bomitali; July 2005) and at present, around 90% of waste water is sent to their wetland 
system. Cell 6 is essentially an aesthetic pond, where by water can be re-circulated, and 
released back into Cell 1 if necessary for re-polishing.  
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Figure 2-2 Diagram of MasterFoods constructed wetland cells (1998) showing deep 
and shallow zones. Shallow zones have been planted with a range of emergent 
macrophyte species, which include Phragmities australis, Bolboshoenus medians, 
Shoenoplectus validus and Baumea articulata. Blue dashed arrows indicates
direction of water flow.
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The proposed original longitudinal diagrams of wetland Cells 2, 3 and 4 (Figure 2-3, 2-4
and 2-5) show water level from Cell 1 and inlet, finished reed bed level, lower bed level 
and natural surface level dimensions (m) (WATER ECOscience Pty Ltd & AWT Pty 
Ltd; 1998). Figure 2-6 shows the proposed original schematic of the cross section 
cascade from Cell 2, 3, 4 and 5, water level and depth relative to each wetland cell.
Figure 2-7 shows wetland details of Zone D in Cell 2 with a batter (side) elevation slope
of 1 in 3 to the top of the embankment and top soil layer. A batter elevation of 1 in 6 
from the top of the embankment allows access for mowing. The second schematic in 
Figure 2-7 shows a batter slope of 1 in 3 to the top of the embankment in Zone D of Cell 
4. Dimensions for the adjustment of sedimentation level, normal water level, and reed 
bed depth are shown. The depth of the originally proposed topsoil layer for the reed bed 
was 200 mm. This was to be compacted over a clay sub-soil. 
In Figure 2-8, the length of Zone C in Cell 3 shows a reed bed level of 200 mm, a thick 
rock base of 250-350 mm covering a proposed A34 BIDIM Geotextile Fabric or 
equivalent to reduce seepage.  A batter slope of 1 in 4 to the lower bed (deep zone) 
together with water level dimensions over vegetation zones is shown. The second 
schematic shows the water level control weir with a rock base elevation slope of 1 in 6 
over an elevation of 1 in 3 to the top of the embankment in Zone H of Cell 4. Typical 
access road between each Cell is approximately 3 m wide.
In must be noted that all diagrams in Figures 2-3, 2-4 ,2-5, 2-6, 2-7 and 2-8 were the 
original plans drawn up in 1998 and some sections may have been subject to change 
before the beginning of wetland construction (WATER ECOscience Pty Ltd & AWT 
Pty Ltd; 1998).
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The MasterFoods wetland was operating within the Environmental Protection Agency 
parameter in 2003 and was running efficiently for a short time, until persistent problems 
began to appear where it was not meeting water quality objectives necessary to allow
water to be used for irrigation. 
Problems associated with the MasterFoods wetland were high salt content, suspended 
solids and increased production of algal blooms (primarily Anabaena sp and Euglena) 
combined with the absence of a ‘top-down’ zooplankton grazer to control 
phytoplankton. The wetland system has also had problems with the decreased survival of 
some of the emergent macrophyte species, which had brought about the MasterFoods
and Deakin University partnership.
Currently the MasterFoods wetland system is categorized as being in a hypereutrophic
VWDWHGXHWRKLJKFKORURSK\OOĮOHYHOVORZVHFFKLGHSWKDQGHOHYDWHGWRWDOSKRVSKRURXV
concentration (Table 2-1).
Table 2-1 Trophic Classification System (OECD 1998)
Trophic State Chl a
(μg/L-1)
Secci Disk Depth
(m)
Total phosphorous
(μg/L)
Ultra-oligotrophic
Oligotrophic
Mesotrophic
Eutrophic
Hypereutrophic
MasterFoods
<1
1-2.5
2.5-8.0
8.0-25
>25
500
>12
12-6
6-3
3-1.5
<1.5
<0.2
<4
4-10
10-35
35-100
>100
300
(Watts; 2005; Gervasi; 2008)
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2.1.3 MasterFoods and Deakin University partnership 
Collaboration between MasterFoods and Deakin University began in the year 2000 to 
discuss ideas on how to improve problems associated with their wetland. A number of 
projects examining the poor state of  the MasterFoods wetland system has been made 
over the last 12 years (Sullivan; 2001; Archer; 2001; Skinner; 2004; Watts; 2005; 
Gervasi; 2008).
x Sullivan (2001) collected information on the physio-chemical and biological 
status of the wetland system and investigated factors responsible for poor 
wetland health in an attempt to make recommendations for the wetland to be 
restored to a functional state. He investigated survival of the water flea Daphnia 
carinata and the floating macrophyte Wolffia australiana exposed to different 
salinity and magnesium concentrations and diluted MasterFoods waste water.
Recommendations provided to MasterFoods included aeration of the initial 
receiving pond (Cell 1, described in detail in Section 2.1.2), management 
guidelines detailing biological and physical-chemical processes and interactions 
within the wetland system and further research in top-down biomanipulation of 
phytoplankton.
MasterFoods have addressed several recommendations made by Sullivan (2001),
including the installation of a Tornado air blower in Cell 1 to aid in oxygenation of 
water, changes in the use of polymers and coagulants in treatment, removal of more 
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solids from the effluent to reduce the pollutant loading on the wetland system, and the 
addition of calcium hydroxide in place of magnesium hydroxide.
x Archer (2001) tested the hypothesis that the use of floating macrophytes would 
reduce algal activity by reducing light availability, biochemical oxygen demand 
(BOD) and turbidity levels that would in turn lower costs of effluent discharged 
to sewer. Three species of floating macrophytes Lemna minor, Azolla filiculoides
and Wolffia australiana were investigated and found to have the ability to 
survive laboratory salinities, however, mortality was clear after 1 week in situ
growth trials at the MasterFoods wetland. The floating plants A. filiculoides and 
L. minor were found to grow and survive in Ballarat’s town water on the wetland 
site indicating that climatic factors were not responsible for mortality. Results 
from Archer’s (2001) experiments indicated that an unknown compound, or 
factor, was present in the waste water causing a negative effect on growth and 
survival of the three macrophyte species. 
x Skinner (2004) investigated the use of calanoid crustaceans from the order 
copepoda as an algal grazer for top-down biomanipulation. He found that 
survival of Boeckella sp was significantly affected by increased concentrations 
(>50%) of MasterFoods cell water diluted with Lake Colac water, under 
controlled and fluctuating temperature regimes. Treatments that involved 
flocculation of magnesium from the MasterFoods waste water (raising salinity 
and lowering magnesium concentration) showed improved survival of calanoid 
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copepods. However, copepods had significant mortality rates occurring at 
concentrations of water >75%. It was suggested that poor survival of Boeckella
copepods in MasterFoods wetland water was most likely due to the presence of
elevated magnesium concentration, a toxic compound, or the absence of a 
nutrient limiting survival. Skinner also recommended further research to remove 
all fragments of cyanobacteria from the wetland water and implement the use of 
rotifers to control algal blooms present in the wetland.
Following on from this work a history of the MasterFoods constructed wetland system 
Watts (2005) was compiled in 2002 which examined the roles of macrophytes used in 
constructed wetland treatment systems.
x Watts (2005) modified and renovated one of the ponds (Cell 2, Figure 2-2) 
receiving water from the initial holding pond (Cell 1), and monitored macrophyte 
growth and survival. The renovation of Cell 2 was a precursor for the renovation 
and re-vegetation of the remaining receiving ponds (Cells 3 and 4) undertaken in 
this project. Macrophyte selection in wetland Cells 3 and 4 were based on the 
success of macrophyte establishment, growth and survival of macrophyte species 
in Cell 2. 
x Watts (2005) also found that the macrophyte species Schoenoplectus validus and 
Bolboshoenus fluviatilis showed the best growth performance, whilst the plants 
Phragmities australis, Baumea articulata and Eleocharis acuta demonstrated
various levels of growth  and spread. 
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The use of calcium hydroxide as a pH buffer (recommended by Sullivan (2001) in an 
attempt to lower salt in the effluent was abandoned as it was found to be forming scale 
and blocking pipes in the system, so a switch was made back to the cleaner magnesium 
hydroxide in 2003 to 2008. The unusually high level of magnesium in the MasterFood’s
wetland was thought to be only one of a number of reasons why zooplankton were 
absent from the system. Further research to identify the factors inhibiting zooplankton 
was recommended.
x A more recent project by Gervasi in 2005 investigated the use of artificial 
substrates for biofilm growth in Reln troughs exposed to Cell 4 water. He found 
that large amounts of biofilm were able to colonise the artificial substrates 
(AquamatsTM), although due to the water quality conditions, subsequent cycling 
of nutrients and biomass through the system, the AquamatsTM were unable to 
improve water quality. Aeration to some treatments had a greater effect in 
suppressing phytoplankton in the initial three weeks of the experiment but it was 
later found that the air hoses were totally smothered in biofilm and algal growth. 
Aeration might have worked by increasing aerobic conditions for 
nitrification/denitrification. Aeration may have initially aided aerobic respiration,
however, in the Reln trough experiment; there was only an overflow pipe for 
water to exit. This would allow the buildup of suspended solids and other organic 
matter from Cell 4. 
85
The suppression of phytoplankton in the earlier stage of his experiment may also 
be a result from resuspension of suspended solids and phytoplankton, slowing 
settling, and colonization to the artificial substrates. 
However, in the long term it has been argued that resuspension of organically rich solids 
is not a great factor for delaying the recovery of Danish Lakes (Jeppesen, Jensen et al.;
2003). The disturbance of organic matter releases nutrients for phytoplankton growth 
and sometimes trap nutrients depending on phosphorous equilibrium state (Sondergaard, 
Kristensen et al.; 1992; Jeppesen, Jensen et al.; 2003).
2.2 MasterFoods effluent pre-treatment 
An onsite treatment plant processes the waste water produced by MasterFoods where 
attempts are made to reduce Biochemical Oxygen Demand (BOD), Suspended Solids 
(SS), nutrients, and some microorganisms before being discharged to the wetland or 
sewer (Figure 2-9). The treatment process consists of pre-acidification of the liquid 
stream (pH 7.0 reduced to pH 2.5-4.0), a Dissolved Air Floatation Unit (DAF) and then 
a sludge tank (WATER ECOscience Pty Ltd & AWT Pty Ltd; 1998).
As part of the wetland operation water quality limits were set for BOD <200 mg/L, 
Suspended solids <110 mg/L and a quantity of 600KL/day or 25 m3/hr (WATER 
ECOscience Pty Ltd & AWT Pty Ltd; 1998).
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Figure 2-9 Flow chart of effluent treatment from MasterFoods Confectionary. 
Effluent is discharged to either the sewer or wetland depending on turbidity.
The pre-acidification step allows fermentation of chemical oxygen demand (COD) to 
volatile fatty acids and suppresses pH to its isoelectric point. The isoelectric point is a 
pH of approximately 4.2 (pH 2.5 to 4.0 for MasteFoods) and is necessary to separate 
emulsified fats and proteins from the waste stream (Boyden, Crawford et al.; 2000; Ahn, 
Min et al.; 2001; Shengquan, Hui et al.; 2008).
Factory Effluent
Pre-acidification
(pH 7 reduced to pH 2.5-4.0)
To sludge Tank
No 1. Dissolved Air 
Floatation unit
Buffer Tank
(pH increased to 7.0)
MgOH addition
Upward Flow Anaerobic Sludge Blanket
(UASB)
No 2. Dissolved Air 
Floatation Unit To Sludge Tank
Turbidity Meter To Wetland
To Sewer
(Central Highlands Water)
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The dissolved floatation unit or DAF (Figure 2-10) is a water treatment process that 
clarifies waste water by the removal of suspended solids. A coagulation chamber 
provides the removal of suspended matter by dissolving air in the waste water under 
pressure and then releasing the air under atmospheric pressure. A floatation cell provides 
surface area for the floatation of air and flocculated particles. The released air forms 
small bubbles which adhere to the suspended particles causing the particles to float to 
the surface where it is removed by a skimming device (Ross, Smith et al.; 2000). The 
skimming device removes the float from the floatation cell for transfer to dewatering and 
other handling (Ross, Smith et al.; 2000). An auger devise may also be implemented to 
remove any solids that have settled in the device. Effluent discharge and baffle chambers 
provides physical separation of clarified water from flocculated particles prior to 
discharge through weirs or similar structures (Ross, Smith et al.; 2000).
Figure 2-10 Dissolved Air Floatation Unit. Floatation cell, influent and effluent 
points and effluent discharge chamber, both surface skimmers and bottom 
skimmers (auger) and air solution system combined with a pump (Ross, Smith et 
al.; 2000).
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The DAF water is sent to a buffer tank and pH is raised to pH 7.0 by the addition of 
magnesium hydroxide before effluent is passed through an Upward Flow Anaerobic 
Sludge Blanket (UASB). Acid neutralization of waste water is generally accomplished 
by adding a conventional alkali such as caustic soda, lime or soda ash (Reyes and Inc; 
1995). Although caustic soda (sodium hydroxide) is the commonly used chemical for 
acid neutralization due to its ease of addition by relatively simple and cost effective feed 
systems, caustics are toxic and present a hazard due to their corrosive nature and must be 
handled with extreme care (Reyes and Inc; 1995). The use of magnesium hydroxide and 
magnesium oxide for biological treatment of industrial and domestic waste water is 
preferred in modern day treatment plants and is viable for neutralizing acid waste 
streams and removing heavy metals from waste water. Magnesium compounds offer 
cost effective and safe alternative for acid neutralization and metal precipitation to the 
commonly used alkalis (Reyes and Inc; 1995; Gibson, Maniocha et al.; 2004).
Eventually, the waste water is passed through another DAF unit and sludge tank before 
entering the wetland. This is managed by a turbidity meter which directs the waste water
either directly to the wetland system, or to the sewer if turbidity values >180 ntu 
(nephlometric units) (WATER ECOscience Pty Ltd & AWT Pty Ltd; 1998).
Licenses issued by the EPA have set discharge limits for MasterFoods effluent to the 
wetland system. The license issued for BOD, limits organic input to the wetland and 
must not exceed the equivalent of 125 kg/day. The limit for suspended solids present in 
the waste water must not exceed 80 kg/day and the pH range must be between pH 6.0-
9.0 (Bomitali; 2005). Total dissolved solids (TDS) are not a requirement specified by the 
EPA for MasterFoods license, although it becomes an issue if the waste water is 
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considered for site irrigation. Total dissolved solids are however a parameter in their 
trade waste agreement for discharge with Central Highlands Water (Bomitali; 2005).
Some of the basic processes of effluent treatment must be examined, therefore an
overview of conventional treatments systems leading to development of the UASB 
technology and a description how the treatment system works is discussed in the 
following section. 
2.2.1 The Upward flow anaerobic sludge blanket and pre-treatment
The Upflow Anaerobic Sludge Blanket or UASB is one of many different types of 
methane digesters developed by Dr. Gatze Lettinga in the late 1970's (Lettinga, Van 
Velsen et al.; 1980). Unlike the earlier conventional anaerobic digesters (Owen; 1982),
the UASB uses an anaerobic process whilst forming a blanket of granular sludge 
suspended in the tank. Waste water flows upwards through the blanket and is processed 
by the anaerobic microorganisms. The upward flow combined with the settling action of 
gravity suspends the blanket with the aid of flocculants. 
The blanket begins to reach maturity at around 3 months (Figure 2-11), where by small 
sludge granules begin to form with the surface area covered in aggregations of bacteria. 
In the absence of any support design, the flow conditions create a selective environment 
in which only those microbes are capable of attaching to each other, survive and 
proliferate.
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Figure 2-11 Upflow Anaerobic Sludge Blanket (UASB) (Kansal, Rajeshwari et al.;
2003)
Eventually the aggregates form into dense compact biofilms called "granules". The fine 
granular sludge blanket acts as a filter to allow the liquid waste to flow through, while 
blocking the solids from passing through.  The hydraulic retention time is most often 
limited to 1 to 3 days and can be even shorter for a larger digester. The solid retention 
time can be as long as 10 to 30 days or more for more effective digestion, however 
depends on the shape of the digestion chamber (Lettinga, Van Velsen et al.; 1980). The 
use of standing and hanging baffles with conic separation are also effective in keeping 
the anaerobic sludge blanket in the lower part of the digester.  The baffles also act as an 
efficient filter that hinders the flow of solids in the waste and prolongs the solid retention 
time for more bacterial action (Kansal, Rajeshwari et al.; 2003).
The UASB concept relies on high levels of biomass retention through the formation of 
sludge granules. The main features for achieving granular sludge development are firstly 
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to maintain an upward-flow regime in the reactor selecting for bacteria that aggregate 
and secondly to provide for adequate separation of solids, liquid and gas, preventing 
washout of sludge granules (Lettinga, Van Velsen et al.; 1980). The UASB have been 
found to be effective over time and are most suitable for tropical conditions with 
reductions in BOD of 75%-90% (Rose; 1999).
Since nitrogen and phosphorus are not effectively reduced in anaerobic technologies, 
this primary treatment approach works well with agriculture or aquaculture. However, 
they are not completely effective at removing all pathogens so the waste water needs a 
post treatment option to meet discharge standards. Other treatment options are 
composting digested sludge, filtering through wetland systems or settling in stabilization 
ponds (Rose; 1999). The anaerobic sludge is retained in the reactor by a gas solids
separator and also consists of an influent distribution system, and effluent draw-off 
facilities (Kansal, Rajeshwari et al.; 2003).
The UASB treatment systems have been proven effective over time and have been found 
to be the most suitable digesters for tropical conditions. Most tropical and sub-tropical 
developed countries employ the use of UASB systems because the climates are 
conducive for higher biological activity and productivity, thus a better performance in 
anaerobic systems (Khalil, Sinha et al.; 2008). The UASB treatment system is feasible in 
the developing world context because of its high organic removal efficiency and low 
sludge production. There are low energy needs, low-cost, minimal maintenance and 
smaller space required for the facility (Rose; 1999).
The combination of DAF and UASB is an improved version of the UASB system and 
combines the advantage of the upflow sludge blanket with the fixed film reactors. Its
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simplicity in design and operation is more economical than a fixed bed system (Kansal, 
Rajeshwari et al.; 2003). Another advantage is that anaerobic bacteria degrade organic 
materials in the absence of oxygen and produce methane and carbon dioxide, thus the
methane could be captured and reused as an alternative energy source (biogas).
Anaerobic granular sludge obtained from the confectionary waste water processor at 
MasterFoods was found to contain a mixture of hydrolytic, acidogenic, acetogenic and 
methanogenic bacteria necessary to breakdown complex waste water substrates to 
methane (Yuli, McDonnell et al.; 2009).
The bacterial action in the digester involves 3 phases:-
x Hydrolysis or Solubilization of organics:- This takes 10-15 days, until the 
complex organics are dissolved. Organics can not be absorbed into the cells of 
the bacteria so they need to be degraded by endozymes.
x Acidogenesis or acetogenesis:- This is a result from the first phase and is utilized 
by a second group of organisms to form organic acids.
x Methanogenesis:-This is the final phase where by methanogenic anaerobic 
bacteria use the product of the second phase to complete the decomposition 
process.
The next section discusses the importance of bacteria in the cycling and removal of 
pollutants from waste water as there is a need for the removal of nitrogen and 
phosphorous from waste water and wetland systems. 
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2.3 MasterFoods wetland renovation
The MasterFoods wetland was established in 1998 and prior to this research, the initial 
planting in the year 2000 saw approximately 3785 aquatic plants with 1905 edge and 
submerged plants and 1880 emergent plants selected and planted (Table 2-2) (pers 
comm (Paris; 2000).
The range of macrophytes selected include-
Table 2-2 Macrophytes sourced from Keelbundora Wildlife Reserve and Native 
Plant Nursery for planting in the MasterFoods wetland Cells in the year 2000
Edge Species Plant Numbers Cell Species Plant 
Numbers
Juncus pallides
Carex appressa
Eleocharis sphacelata
Marsilea drummondii
Alisma-plantago-aquatica
Lytrum salicaria
Potamogeton ochreatus
Carex tereticaulis
Carex fasicularis
Elepcharis acuta
Myriophyllum crispatum
Triglochin procerum
Villarsia reniformis
Cotula australis
110
75
70
160
10
150
40
95
215
120
160
60
240
240
Eleocharis sphacelata
Baumea articulata
Juncus ingens
530
900
450
After a short period, a number of plant species were struggling to survive and others had 
disappeared completely. This led to a revised species list for planting in Cell 2 in the 
year 2003 being devised (Table 2-3.
94
Table 2-3 Based on macrophyte success and survival of the initial macrophytes 
installation in 2000, a range of species were selected for planting in Cell 2 in 2003
Edge Species Cell Species
Juncus pallides
Carex appressa
Eleocharis sphacelata
Carex tereticaulis
Carex fasicularis
Eleocharis acuta
Baumea articulate
Juncus ingens
Bolboschoenus calwelli
Eleocharis sphacelata
2.3.1 Macrophyte collection, transporting and transplanting 2004-2005
The delivery of approximately 22,000 macrophytes (Table 2-5) in trays of individual 
harvest cells and harvest culture boxes on the 25th and 28th of October 2004 (Plate 1 & 2:
Appendix I). The macrophytes were sprayed with water to keep them moist before 
transportation to the MasterFoods wetland. On arrival at the wetland, the harvest cells 
and culture boxes containing the macrophytes were placed in Cell 2 near the edge to 
keep them hydrated before being planted. Based on earlier success of macrophytes in 
Cell 2 (year 2003) a number of species were selected for planting of Cells 3 and 4 (Table 
2-4)
The emergent plant Crassula helmsii and Cotula coronopifolia were planted 
sporadically around the edges of Cell 2 to determine if they would establish and survive. 
Both C. coronopifolia and C. helmsii disappeared within the first two weeks (Plate 3, 4, 
5, 6 & 7: Appendix I). A decrease in water level in Cell 2 along with grazing by ducks 
and water fowl also contributed to the disappearance of C. helmsii and C. coronopifolia
(Plate 8 & 9: Appendix I). Potamogeton crispus planted at a depth of approximately 
0.25m near the edge in Cell 2 also disappeared over a two-week period. The brackish 
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conditions and obvious smothering from epiphytes would have contributed to the plants’
demise (Plate 10, 11 & 12: Appendix I). 
Table 2-4 Emergent macrophyte species planted in Cell 3 and Cell 4 were based on 
success from planting of Cell 2 in 2003.
Emergent Macrophytes Planted in Shallow Zones of Cell 3 and Cell 4
Phragmities australis
Bolboschoenus medians
Baumea articulata
Shoenoplectus validus
Bolboshoenous medians
Bolboshoenous caldwelli
Eleocharis acuta
Table 2-5 Macrophytes sourced from PlantWise Pty Ltd for the 2004-2005 planting 
in the MasterFoods wetland Cells based on the success of  plant species in Table 2-
4, new species were added to the list due to their tolerance to brackish water 
conditions (colored yellow)
Species Number of Plants
Baumea articulata
Bolboschoenus medians
Bolboschoenus calwelli
Bolboschoenus fluviatilis
Eleocharis acuta
Phragmities australis
Schoenoplectus validus
Schoenoplectus pungens/ S. validus mix
6000
1000
1000
1000
2000
4000
5000
2000
2.3.2 Transplanting macrophytes in Cell 3
Plant installation for Cell 3 in shallow zones B, D and H commenced on the 25th of 
October and completed on the 28th on October 2004. The water level in Cell 3 was
lowered to allow the spreading of topsoil before planting started. Top soil was brought
from an unknown site and distributed by an excavator over the shallow zones (Plate 15:
Appendix A). Soil added to the planting beds was hand raked to a maximum height 200
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mm (Table 2-11). This resulted in an effective maximum water level of 300 mm and a 
minimum water level of 150 mm over the last planting bed (Zone H). Uniformity of top 
soil was achieved with the aid of a laser digital surveyor (Plate 16 & 17: Appendix I). 
Once the emergent macrophytes were planted they were kept hydrated by the use of a 
high powered hose attached to a portable water pump which drew water form the deep 
zones in Cell 3 (Plate 18, 19 & 20: Appendix A). Macrophytes were planted in a row 
arrangement approximately 0.25m apart, with an emphasis on the faster growing species 
Bolboschoenus medians, Shoenoplectus validus and Baumea articulata in Zones D and 
H (Figure 2-12, 2-13 and 2-14). A stand of the emergent macrophyte Phragmities 
australis already exists in Zone F of Cell 3, thus modification of this zone was not
needed.
Table 2-6 Depth of soil cover and minimum-maximum water depth (mm) in Cell 3 
in the MasterFoods constructed wetland
Planting Bed
(Zone)
Depth of soil Cell 3 
(mm)
Minimum Water 
Depth (mm)
Maximum Water 
Depth (mm)
B (inlet) 80 50 200
D 80 100 250
F Not planted - -
H (outlet) 200 150 300
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2.3.3 Transplanting macrophytes in Cell 4
The preparation to the planting beds in Cell 3 and macrophyte installation had taken
place between the 22nd and 25th of November, 2004. The maximum depth of the soil bed 
in zone is provided below in Table 2-7. The weir height in Cell 4 was lowered by 150
mm. The adjustment resulted in an effective maximum water level of 400 mm and a 
minimum of 100 mm across the planting bed towards Zone H.
Top-soil was dispersed over an already established bed of the narrow-leaved emergent 
macrophyte Triglochin procerum growing in Zone H. This plant species has also 
established itself around the perimeter of deep Zone I.
The macrophytes were installed in alternating rows of the same species at a distance of 
0.25m apart, so that if some macrophytes failed others would still be able to colonize 
(Figures 2-15, 2-16 and 2-17).
Table 2-7 Depth of soil cover and maximum–minimum water depth (mm) of 
planting beds in Cell 4 in the MasterFoods constructed wetland
Planting Bed
(Zone)
Depth of soil Cell 4
(mm)
Minimum water 
Depth (mm)
Maximum water Depth  
(mm)
B (inlet) 50 50 350
D 150 80 380
F 150 80 380
H (outlet) 250 100 400
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2.4 Methodologies
2.4.1 Diurnal study
On the 13th of February 2005, dissolved oxygen concentrations were sampled at a depth 
of approximately 1 metre and 0.5 metres from the weir outlet from each of the end 
Zones of Cells 2, 3 and 4 (Zone I), every hour over a 24 hour diurnal period (Figure 2-
18) using a Yeo-kal Intelligent water quality metre.
2.4.2 Invertebrate method
Invertebrate diversity has been used as an indicator of ecosystem health in many aquatic 
studies (Williams; 1998; Derry, Prepas et al.; 2003), so taking into consideration that the 
MasterFoods constructed wetland receives food processing effluent, the water is of a 
poor quality. Prior to renovation of Cell 3 the sampling of macro-invertebrates was 
performed on the 15th of October 2004 so a general comparison could be made between 
the already established Cell 2 (year 2003) and the non-renovated Cell 3 (year 
2004/2005). Invertebrate sampling in Cell 4 was not performed due to it being drained in 
preparation for planting. Macro-invertebrate data collected from the wetland system in 
2004 had identified that the orders Diptera, Coleoptera, Hemiptera and Odanata were 
found in the MasterFoods wetland in Cell 2 (Skinner; 2004).
The utilization of two different sampling methods (Van Ekmann benthic grab and dip 
netting) was put into practice to gain a general observation of macro-invertebrate
diversity in Cell 3. The Ekmann grab was dropped from about waste height to a depth of 
0.2 m in Zone A, C, D, E and G and placed into 500ml plastic sample jars. The depth 
was chosen due to the close proximity to the reed beds and ease of access.
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The dip netting method was performed in Zone B, C, F and H. The dip net was placed at 
a depth of 0.2 m and was swept in a uniform manner aided with a kick of benthic 
sediment towards the net with a foot. Samples were collected in 500 mL plastic jars to 
be transported back to the laboratory for sorting and identification. 
2.4.3 Phytoplankton method
Phytoplankton was collected from the end Zone I in Cells 2, 3 4 and 5 using a tow net 
with a mesh size of 45μm on the 18th of March 2006. The tow net was cast three times 
into the end zones (Zone I) of each Cell by lobbing the tow net out 5 meters and then 
slowly retrieving the sample from a depth of 1 metre. Samples were placed in 100mL 
containers and transported back to the protistology laboratory. Identification was made 
using a light microscope and by the aid of texts and keys (Prescott; 1964; Bold and 
Wynne; 1985; Bellinger; 1992; Entwistle, Sonneman et al.; 1997).
2.4.4 Physical and chemical features of the MasterFoods wetland from 2004 to 2007
Some aspects of the physical and chemical features of the MasterFoods constructed 
wetland were continually measured on seasonal bases from Zone A to Zone I in Cells 2, 
3 and 4.  From the time of planting emergent macrophytes in Cell 3 on the 25th to the 
28th of October and Cell 4 from 22nd to the 25th of November 2004 to early February 
2007.
Measurements in the field were performed using a portable Yeo-kal intelligent water 
quality meter. The Yeo-kal probe was placed in the deep zones of each cell (2, 3 and 4) 
adjacent to the bank at a depth of between 0.5 and 1.0 meter. The water quality 
parameters measured were pH, temperature, dissolved oxygen, salinity, conductivity, 
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oxidation-reduction potential, and turbidity. Mean seasonal water quality parameters 
taken seasonally from 2004 to 2007 from the first deep zone (Zone A) to the last deep 
zone (Zone I) in Cells 2, 3 and 4. The parameters reported here are pH, turbidity, 
dissolved oxygen, and conductivity. Individual sample dates for all physical and 
chemical features of Cell 2, 3 and 4 can be perused in Appendix B.
2.4.5 Water quality methods
In order to observe how well the macrophytes reduce biochemical oxygen demand 
(BOD), suspended solids (SS) and total dissolved salts (TDS), water samples were
collected from the 30th of November 2005 to the 15th of June 2006 wetland cells 2, 3 and 
4. Samples were collected in 1L plastic bottles from the middle of each deep zone after 
each macrophyte bed at a depth of 0.5 metres over a two-month interval. Biochemical 
oxygen demand, suspended solids, and total dissolved salts were measured.
Water quality methods in Table 2-8 were also performed for past historical data 
discussed in this chapter. 
Table 2-8 Analytical methods for chemical analyses in accordance with “Central 
Highlands Water Laboratory Chemistry Methods (2004)”. Analytical methods for 
bacteriological analyses in accordance with “Central Highlands Water 
Microbiological Methods Manual (2004)”, or Australian Standard 4276 (1995). 
NATA Accreditation Numbers: Chemistry 1935; Biology 1939
Method Parameter Unit
CHW-BOD Biochemical Oxygen Demand mg/L
CHW-SS Suspended Solids mg/L
CHW-TDS Total Dissolved Salts mg/L
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2.5 Results 
2.5.1 Diurnal results
The diurnal trend shows oxygenation of wetland water during the day with depletion in 
dissolved oxygen at night. Dissolved oxygen concentration can range between 0 mg/L to 
full saturation of a water body at a concentration of 20 mg/L.
A decrease in temperature from Zone A to Zone I in Cell 2 was exhibited at this time 
from 22.5º C to 16 ºC respectively. However, temperature was observed to increase in 
Cell 3 from 18.7º C to 20.1º C from Zone A to Zone I and from 19.6º C to 22.5 ºC in 
Cell 4 (Appendix B; Figure 2g).
Cell 2 had the highest levels in dissolved oxygen with a concentration of 10.6 mg/L at 
6:00 pm and decreased significantly to a DO concentration of 0 mg/L by 11:00 pm. The 
DO concentration in the Cell 2 started to increase around 1:00 pm the following day to a 
DO concentration of 4.4mg/L by 4:00 pm.
Dissolved oxygen concentrations in Cell 3 showed a similar trend with highest DO 
concentration of 9.3 mg/L at 5:00 pm and then decreased significantly to 0 mg/L at 
10:00 pm. From 2:00 pm the following day, there was a favorable increase in DO in Cell 
3, with a concentration of 3.1 mg/L to 6.4 mg/L by 4:00 pm.
Dissolved oxygen concentrations in Cell 4 were found to be lower when compared to the 
other cells. An increase in DO at 5:00 pm from 2.2 mg/L to 7.6 mg/L by 8:00 pm. 
Dissolved oxygen concentrations bottomed out at 0 mg/L by 10:00 pm and then a late 
increase was observed in DO concentration of 1.9 mg/L by 4:00 pm the following day.
Cell 4 showed promising increase in DO concentration on the first day, however by the 
following day a late increase in DO concentration was apparent. The DO concentration
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in Cell 3 appeared to improve on the second day with increases in DO concentration 
greater than that of Cell 2.
The differences in dissolved oxygen between wetland Cells could reflect type and age of 
the vegetation present, however the cells can not be viewed as being in equal length and 
width with Cell 2 smaller than Cell 3 which is smaller than Cell 4 and can be viewed as 
being pseudo-replicated. When comparing the already established macrophytes in Cell 2 
from the year 2002 planting, to the recent planting in Cell 3 and 4 (2004 and 2005),
differences in respiration, transpiration and photosynthetic production rates in Cell 2 
would be considered as greater than that of the more recently planted Cells (Cell 3 and 
4). An excellent cover of the P. australis stand in Zone H of Cell 2 would also influence
oxygenation of Cell 2 water due to shading of phytoplankton.
Cell 3 was planted in late October 2004, so the macrophytes were in their initial stages 
of growth and development leading to increases in DO concentrations during daylight 
hours. The P. australis stand in Zone F would have also contributed to smaller increases 
in DO concentrations due to lower photosynthetic rates from shading of phytoplankton,
particularly on the second day.
Low DO concentrations in Zone I of Cell 4 can be due to the macrophytes shorter 
establishment time and growth stage, leading to smaller biomass cover and increased 
oxygenation rates by phytoplankton. Both Cell 2 and 3 had higher DO concentrations 
than that of Cell 4.  This is a reflection on the large biomass of P. australis and their 
rhizomatous root systems in Zones D and H of (Cell 2) and Zone D (Cell 3). Late 
increase in DO concentrations observed at 4:00 pm the following day in Cell 4 is due to
increasing photosynthetic oxygen production rates from algae during the day.
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Figure 2-18 Diurnal of dissolved oxygen taken over 24hrs from end Zone I in the 
MasterFoods constructed wetland from Cells 2, 3 and 4. 
2.5.2 Invertebrate results
Repeated attempts using the grab sampler was inadequate, as the grab retrieved 
enormous amount of sludge and algal biomass, which made finding invertebrates very
difficult. Across all zones sampled in Cell 3 using the benthic grab, only Chironomous 
sp (n=4) were found in Zone G (Table 2-9).  
The dip net method proved better suited for collection of invertebrates. Invertebrate diversity was lower in 
Cell 3 compared to that of Cell 2 (Table 2-10). However, a large number of Chironomous sp (larvae) were 
collected in Zone H (n=281). Overall Chironomous sp and diptera were the most abundant.  Within these 
two groups, Chironomids from the subfamily Tanypodinae were most prolific.
(n=129) in Zone B of Cell 2.
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Table 2-9 Invertebrate Sampling at MasterFoods Constructed Wetland Cell 3 using 
the Van eckmann Grab and dip net method (+ denotes method used)
Zone Grab Dip Net n Species Identified
A + 0 0
B + 121
Chironomous sp
Collembolla (springtail)
C + 0 -
C +
3
1
1
Chironomous sp
Collembolla
Morpho-species
D + 0 -
E + 0 -
F + 0 -
G + 4 Chironomous sp
H +
2
281
2
1
Ostracod,
Chironomous sp
Odanata
pseudo scorpion
Total 4 297 301 -
Table 2-10 Invertebrate Sampling at MasterFoods Constructed Wetland Cell 2 
using the dip net method  
Zone n Species Identified
A
8
1
1
1
Anthericidae
subfamily of Culucidae pupae
Coleoptera family Hygrobiidae Genus Hygrobiidae
Diptera family Culucidae pupae
B
1
2
129
31
1
3
8
Coleoptera
Sawfly
Chironomids subfamily Tanypodinae 
Anthericidae
Family Tipulidae (crane fly) larvae
Culex family Culucidae
Culex family Culucidae
C 1 Coleoptera larvae Family Hydrophildae Genus Bersosus
D 14 Chironomus sp
E
1
1
5
1
11
Chironomus sp
Tipulaidae larvae
Berosus sp Family Hydrophilidae order coleoptera
Culucidae pupa
unidentified pupa
H
105
3
3
3
Chironomus sp
Berosus sp Family Hydrophilidae order coleoptera
Family Notonectidae (backswimmers)
Pupae morpho-species
Total 334
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2.5.3 Phytoplankton diversity results 
The distribution of phytoplankton in natural waters can be both vertical and horizontal, 
however, their distribution is usually patchy and the patchiness that is found in both 
directions maybe highly correlated (Fogg and Thake; 1987). Sampling at successive 
depths is normal in limnological and oceanographic practice, although even taking 
samples at relatively close intervals e.g. one meter, maybe inadequate to give an 
accurate estimate on abundance. Divers have occasionally reported seeing a thin 
horizontal laminae of organisms only a centimeter or two in thickness (Fogg and Thake; 
1987).
The open water zones of the MasterFoods Constructed wetland Cells are in a turbid 
phytoplankton dominated (Table 2-11). The list of algal species identified to the genus
level summarizes the diversity of species found. It appears that Cells 2, 3 and 4 have the 
greatest algal diversity with twelve genus found in Cell 2 and 3, eleven found in Cell 4
and only seven found in Cell 5. 
The low number of algal genus found in Cell 5 maybe attributed to the shading by the 
two rows of Pinus radiata that run along the northern boundary of the property. Cell 5 
does not get a complete exposure to direct sunlight during most of the day compared to 
the receiving Cells 2, 3 and 4. On high light days, the irradiance near the water surface is
inhibited. The rate of photosynthesis at first increases with depth to reach a maximum 
which may be as much as 5m below the surface, below which irradiance becomes 
limiting and exponentially decreases (Fogg and Thake; 1987). Indirect results of thermal 
gradient in the water column are of more consequence than its direct physiological 
effects for the phytoplankton.
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The depth of Cell 5 may also reduce the number of algal species found. The plankton net
was drawn across from a depth of 1 metre to the surface of the water and may not have 
adequately sampled populations further down. Another explanation of low
phytoplankton diversity in Cell 5 is that some algal species live on the benthic sediments 
and biofilms of emergent macrophytes in Cells 2, 3 and 4. Cell 5 is totally void of 
macrophytes so the low algal diversity in Cell 5 could be due to the mixing of water 
from Cell 2, 3 and 4 into Cell 5 via the weir. An isothermal column of water of uniform 
salinity is easily mixed so that nutrient concentrations near the surface are maintained 
and vertical transport of phytoplankton cells results in them being subject to extreme 
fluctuation of irradiance from the sun with a mean value equal to that for the whole 
water column down to the depth of which mixing extends. If mixing is deep enough the 
amount of light reaching the average algal cell will be below the compensation point for 
photosynthesis and so the population will be unable to grow (Lewis, Horne et al.; 1984; 
Fogg and Thake; 1987).
The shallow and open water zones of the MasterFood’s wetland create temperature 
gradients and assist water circulation that prevents stratification (WATER ECOscience 
Pty Ltd & AWT Pty Ltd; 1998). If buoyantly (having buoyancy) stratification occurs in 
a wetland it will drastically effect the hydrodynamics, especially by inhibiting vertical 
mixing. In fresh water wetlands, temperature is expected to be the main mechanism by 
which buoyantly stable stratification will occur (Waters and Luketina; 1998).
The most important purpose of deep and shallow zones is for the biological 
nitrification/denitrification and therefore nitrogen removal. Nitrogen removal requires 
aerobic and anaerobic environments that can be provided by alternating water depths 
110
and wetland vegetation (Kadlec and Knight; 1996). The only water turbulence comes 
from the wind and birds in the deep zones of the MasterFoods wetland cells except Cell 
1, which has a mechanical air blower.
Table 2-11 Identification of algae genus collected by plankton tow net on the 
18.04.06 in MasterFoods Constructed wetland Cell 2, 3, 4 and 5
Cell 2 Cell 3 Cell 4 Cell 5
Euglena
Clostridium
Scenedesmus
Spirulina
Fragilaria
Anabaena
Gomphonema
Chlanydomonas
Phacus
Microspora
Micractinium
Botrycoccus
Diatoms
Euglena
Clostridium
Scenedesmus
Spirulina
Pseudoanabeana
Anabaena
Cyclotella
Tetraspora
Peridium
Botrycoccus
Volvox
Diatoms
Euglena
Clostridium
Scenedesmus
Spirulina
Pseudoanabeana
Anabaena
Tetraspora
Fragilaria
Gomphonema
Volvox
Diatoms
Euglena
Clostridium
Scenedesmus
Pseudoanabeana
Anabaena
Fragilaria
Diatoms
2.6 Discussion
2.6.1 Invertebrates
Compared to natural wetlands, which spend some time without water, the MasterFoods
wetland is usually full all year round except for times when maintenance (e.g. removing 
sludge from Cell 1 and  Zone A in Cells 2, 3 and 4) or planting of macrophytes occurs.
In natural wetlands some invertebrates have to re-invade once the dry period ends or 
may survive by mechanisms such as drought tolerant eggs observed in some crustaceans 
(Gooderham and Tsyrlin; 2005).
The detection of community change is particularly important to water quality 
management when used to provide evidence of harm or stress to a system brought about 
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by human activity (Courtemanch and Davies; 1987). Generally wetland community 
change can be divided into changes arising from detrimental influences of stress and 
changes due to benign or enhanced effects (Courtemanch and Davies; 1987).
It was on the basis of enhanced effects, that random sampling in the macrophyte beds of 
Cell 2 and Cell 3 was made to ascertain whether differences from an already macrophyte  
established Cell 2 to a un-vegetated Cell 3. 
Sampling of aquatic invertebrates in Cell 2 and Cell 3, provides a general observation as 
to which invertebrate species could tolerate the wetland conditions, and if so, were there 
any real differences in diversity between the Cells. Sampling of Cell 4 had not taken 
place due to it being empty for preparation for renovation (Plate 15: Appendix A). Time 
and labor constraints inhibited sampling for invertebrates in the wetland system making 
it difficult for seasonal data collection. A more in depth study was beyond the scope of 
this project. However, the diversity of aquatic macro invertebrate species in the 
MasterFoods wetland system, from this temporal snapshot is relatively low, as it has 
been reported that the diversity in heavily loaded treatment wetlands are lower than that 
of natural wetland systems (Kadlec and Knight; 1996; Gooderham and Tsyrlin; 2005).
The diversity of aquatic invertebrates, particularly insects, were higher in the already 
planted macrophyte beds in Cell 2 compared to a small number of taxonomic orders 
found in the un-renovated Cell 3. It appears that only the hardier Dipteran species show 
any large numbers of individuals, especially from the Chironomidae. The coleopterans
found were thereby able to tolerate the low oxygen concentrations and brackish 
conditions. Both of the orders mentioned above begin their larval stages in water and 
then migrate into the air once their growth cycle is complete. The high productivity of 
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phytoplankton in the wetland can also contribute to the low diversity of invertebrates 
because of turbidity, depletion of oxygen due to decomposition of algal and organic 
matter and smothering from epiphytes. Five individuals from the genus Berosus from the 
Family Hydrophilidae; Order Coleoptera found in Cell 2 from Zone H, exhibited a 
clogging of their filaments by algal and organic matter. Some Berosus showed signs of 
slowed mobility and overall deterioration of health. In Cell 2, Zone H is dominated by 
the emergent macrophyte P australis, which would aid as a refuge to many aquatic 
invertebrates. Berosus are found naturally in stagnant and slow moving water 
(Gooderham and Tsyrlin; 2005). The quality of water in Zone H of Cell 2 was of a 
slightly improved quality than that of Cell 3. Shading of phytoplankton from P. australis
and filtration of suspended solids and algal biomass could be reasons why this genus 
was found there. This finding, although not fully substantiated due to inadequate and 
further sampling, can give some credence to the statement of ‘enhanced effects 
(established Cell 2 compared to un-vegetated Cell 3) of a system leads to less 
environmental stress on aquatic organisms and system health’. A more thorough 
investigation back towards Zone A in Cell 2 would need to be undertaken to identify if 
this aquatic beetle is only present in this Cell and if so, could be regarded as an indicator 
species for wetland Cell health.  
2.6.2 Brackish conditions of the wetland system
The conductivity in the MasterFoods wetland ranges from 2500 μs/cm to 5500 μs/cm. 
The insect orders investigated by Kerrford (1996) found that out of 48 macro 
invertebrate taxa and 4706 individuals, the highest salinity level recorded were observed 
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in the orders Plecoptera  (4200 μs/cm), Ephemreroptera (5700 μs/cm), Gastropoda 
without operculum (6600 μs/cm) and Amphipoda (24000 μs/cm) (Kefford, Dalton et 
al.; 2004).
The fundamental physio-chemical feature of saline waters is their greatly decreased 
ability to dissolve oxygen in comparison to fresh waters. The relationship between 
dissolved oxygen concentrations and salinity depends on the ionic composition, 
temperature and air pressure as well as total ion concentrations (Williams; 1998). The 
diversity of aquatic species has been reported to decline as osmotic tolerances are 
exceeded with an increase in salinity (Derry, Prepas et al.; 2003).
The low diversity of aquatic insects and micro-crustaceans is discernible in the 
MasterFoods wetland. Predictions by Hart et al (1991) stated that salinity exceeding 
1000mg/L will have adverse affects on invertebrates and field studies examining salinity 
gradients in rivers across to wetlands indicate that as salinity increases there is a loss of 
diversity (Hart, Bailey et al.; 1991). The low diversity of aquatic invertebrates in Cell 3 
compared to Cell 2 is most likely due to the absence of macrophyte biomass and the 
capability of the cell to reduce salinity. The conductivity range in Cell 2 was between 
2500 μs/cm and 5500 μs/cm and in Cell 3 conductivity fluctuated between 3500μs/cm 
and 5550μs/cm (Appendix B; Figure 2d) with Cell 2 exhibiting small reductions on 
some dates (24.8.05) and significant reductions on other dates (31/1/06 and 15/3/06). It 
appears that over the sample period, Cell 2 was more efficient in reducing salts. The 
only macrophyte biomass in Cell 3 consisted of P. australis. This species of emergent 
macrophyte had been established in the year 2000 in Zone G. Boon et al (1990) reported 
that in freshwater wetlands in Australia over 200 taxa have been recorded from 
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individual sites, but at high salinities, taxa richness in substantially reduced to as little as 
one or two taxa (Boon, Bailey et al.; 2002). Prepas et al (2003) purports that, the 
diversity of aquatic species decline, as osmotic tolerances are exceeded with increasing 
salinity. Other factors like habitat permanence, predation and ion composition can also
alter the structure of aquatic communities (Derry, Prepas et al.; 2003) as will be 
communicated in Chapter 3.
2.6.3 Natural phytoplankton distribution and diversity
The cyanobacteria that produce blooms and scum’s in water bodies are increasingly 
regarded as a nuisance organism because of their adverse effects on water used for 
human and animal drinking supplies, aquaculture, irrigation, recreation and amenity. 
Their undesirable features include production of discoloration, taints and odours in 
drinking supplies, blockage of filters in water treatment plants and the production of a 
whole range of potent toxins (Codd, Steffensen et al.; 1994). Algal blooms in the 
MasterFoods wetland was an ongoing problem particularly in summer.
Katlin et al (2001) investigated the development of the phytoplankton community in a 
mine-lake in northern Canada after flooding with lake water in 1992. The data set taken 
over several years provided the opportunity to examine the physical and chemical 
changes in water quality and phytoplankton community over a six year period (Kalin, 
Cao et al.; 2001). The phytoplankton community in pit-lake was found to be statistically 
related to many water quality variables including Mg, Ca, K, Na, Cl, HCO3-, SO4,
conductivity and total organic carbon (Kalin, Cao et al.; 2001). It was found that 
between a six year period, several variables, e.g TSS, Fe, DO Eh and Total –P, gradually 
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decreased while K, Ca Na, Mg, conductivity, HCO3-, SO4 and TOC tended to increase. 
A single algal species Dictyosphaerium pulchellum dominated in the first year and 
retained its dominance until the following year when other species started to grow. In the 
second year the cyanobacterium Oscillatoria limnetica became highly abundant while D.
pulchellum density dropped significantly. D. pullchellum had almost completely 
disappeared 2 years later along with a significantly reduced density in O. limnectica.
This was due to a new green algae species Chlamydomonas sp, which became 
dominated by the end of the study (Kalin, Cao et al.; 2001). Kalin et al (2001)
confirmed that in the pit-lake study the TSS, Total-P and arsenic were considered to be 
the key factors driving the change in phytoplankton community composition (Kalin, Cao
et al.; 2001).
In a study by Kobayashi et al (2005) the temporal changes in diversity and similarity of 
a phytoplankton community was investigated in relation to external hydrological 
disturbance in the Ben Chifely reservoir in New South Wales, Australia (Kobayashi, 
Sanderson et al.; 2005). The reservoir is subject to varying river inflows and external 
hydrological disturbance, including floods. 
The climate is an ultimate variable in the hierarchy of factors that determine the 
distribution of benthic river algae. Townsend and Padovan (2005) investigated the 
hierarchy of factors that control the growth and biomass of the algae Spirogyra sp for an 
18 Km reach of the Daly River in the wet/dry tropics of Northern Australia. It was found 
that although the growth rate of the Spirogyra sp was probably limited by nutrients, the 
maximum biomass was constrained by sloughing. The biomass of Spirogyra sp was 
found to steadily decline to its half maximum despite favorable river velocities and was 
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most likely a due to nutrient limitation. Spirogyra sp was found to be completely 
removed from the river by the first major runoff event in the wet season (Townsend and 
Padovan; 2005).
The MasterFoods wetland system can be regarded as a lentic environment and would not 
be affected by fast moving water. The slow moving water combined with a conservative 
ionic composition (discussed further in Chapter 3) will maintain the algal diversity 
between cells, with any changes in algal diversity due to changes in seasonal and 
climatic factors. The only other cause that would change algal composition in the 
wetland is the increase in effluent nutrient load (limiting nutrients e.g. phosphorous) 
from the factory leading to blooms of particular species including the toxic blue-green 
alga. 
2.7 Historical water quality data of the MasterFoods wetland
Water quality samples of effluent discharged to sewer have been collected by 
MasterFoods on a weekly basis since 1999, from the upward flow anaerobic sludge 
blanket (UASB) at their treatment plant (WATER ECOscience Pty Ltd AWT Pty Ltd; 
1998). The water quality parameters measured were Suspended solids (SS) Biochemical
Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Total Dissolved Solids 
(TDS) and pH. Samples taken in 1996 found that the mean BOD and SS concentrations 
were higher than normal due to operational problems in the UASB in 1995 and further 
sampling on 15.5.97 and 29.5.97 indicated that the effluent quality issues were more 
complex than anticipated (WATER ECOscience Pty Ltd AWT Pty Ltd; 1998). The 
passage of waste water through the UASB unit appeared to increase the concentration of 
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pH, electrical conductivity, alkalinity, and sodium. The increase in the above parameters
was attributed to the addition of sodium hydroxide, which was used to increase pH of 
the influent water, to ensure the performance of microbes the UASB. Nutrient levels in 
the effluent at this time were also high with a 33 mg/L of total nitrogen and 16 mg/L of 
total phosphorous (WATER ECOscience Pty Ltd AWT Pty Ltd; 1998).
Water quality at the MasterFoods wetland has been in a poor condition since the year
2000. The biochemical oxygen demand (BOD) concentrations have increasingly 
fluctuated over a large range in Cell 5 from a mean monthly BOD of 8.75mg/L over 
Feburay 2001 to a mean BOD of 1150 mg/L over the month of May 2001 (Figure 1a; 
Appendix A). A BOD concentration of 5mg/L was recorded on the 20.2.01 compared to
a BOD concentration of 1600 mg/L on the 29.5.01
Suspended Solid (SS) concentrations have also fluctuated considerably with a mean 
monthly SS concentration of 216.6 mg/L over the month of December 2000 to as low as
19.25mg/L of SS over January 2001 (Figure 1b; Appendix A). A high SS concentration 
of 230 mg/L was recorded on the 28.11.00 compared to 4mg/L recorded on the 23.1.01.
Total dissolved solids (TDS) were also found to be high within the wetland system,
however with mean TDS concentration of 412 mg/L over Janurary 2001, however
increased to a mean monthly TDS concentration of 3580 mg/L over May 2001(Figure 
1c; Appendix A). TDS concentrations as high as 4250 mg/L were recorded on 15.5.01
It must be pointed out that the values in the graphs in Appendix A (Figure 1-a, 1-b and 
1-c) are the mean values of sampling periods taken within each month and only reflect 
Cell 5 data. Cell 1 data was not available for this period.
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The following history of water quality data is a comparison of Cell 1 and Cell 5 water 
focusing on Biochemical Oxygen Demand (BOD), Total Dissolved Solids (TDS), and 
Suspended Solids (SS) from 2002 to 2005. In 2002 a significant mean monthly reduction 
in BOD was observed to below 50 mg/L in Cell 5 compared to Cell 1 with a high 
monthly mean of 242 mg/L in April 2002 (Figure 1d; Appendix A). The BOD levels 
were below the limits specified by the EPA license and on advice from consultants, 
MasterFoods started to use different polymers and coagulants at the treatment plant 
(Bomitali; 2002).
In 2003 the BOD loadings were moderately consistent for each month and the sudden 
increase in March 2003 (Figure 1e; Appendix A) was attributed to Central Highland 
Water sampling directly from the discharge trough at the trade waste plant (Bomitali; 
2003). Prior to this, samples were collected directly from Cell 5. The BOD limits in Cell 
5 were exceeded in July, August, September and October in 2003 and the BOD levels in 
Cell 1were quite erratic due to Cell 1 filling up with bio-mass carry over from the trade 
waste plant. The turbidity meter was found to be faulty and repaired in October 
(Bomitali; 2004). In 2004 the BOD limits again exceeded exceed the discharge limit and
results  from 2004 (Figure 1f; Appendix A) were again extremely erratic due to the 
sludge growth in Cell 1, which occurs naturally combined with some carry over of from 
the trade waste plant (Bomitali; 2005). In 2005, the BOD limits from August to October 
2005 again exceeded the limits for discharge and Cleanaway were then employed to 
manage the treatment facility (Figure 1g; Appendix A). 
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From December 2001 to June 2002 a gradual decrease in suspended solids was observed 
in Cell 5 (Figure 1h; Appendix A) and the presence of algae in the wetland was not as 
evident as it had been in previous years (Bomitali; 2002). In 2003 suspended solids 
increased significantly in March to above 500 mg/L in Cell 5 and again in May and then 
decreased significantly in July to below 50 mg/L which remained consistent towards 
December 2003 (Figure 1i; Appendix A) (Bomitali; 2003). An incident occurred on the 
24th of February 2003, where by, DAF No 2 exhibited high turbidity and was 
discharging directly to the wetland instead of the sewer. MasterFoods corrected the 
problem by changing their program to ensure that the Cell 5 pump does not start if DAF 
No 2 is discharging directly to sewer because of high turbidity (Bomitali; 2003).
In 2004 the mean monthly suspended solids remained below 50 mg/L and then increased 
to a mean monthly of 100 mg/L in June 2004. A decrease to under 50mg/L was then 
observed in December 2004 (Figure 1j; Appendix A) in Cell 5. The increase of 
Suspended solids in Cell 1 in November can be attributed to sample collection and the 
inclusion of sludge in the sample (Bomitali; 2004; Bomitali; 2005). In 2005,
MasterFoods recorded a yearly average of 140 mg/L and the presence of algae was not 
as evident for the reporting period (Figure 1k; Appendix A).
In 2002, the total dissolved solids showed a consistent downward trend (Figure 1l; 
Appendix A) due to improvements in the treatment plant and better practices in the 
factory and although TDS is not a requirement specified by the EPA it does become an 
issue if the waste water is to be used for irrigation. One of MasterFoods future goals is 
do re-use the wetland water on their gardens and sell the wetland water to the local golf 
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course (Bomitali; 2002; Bomitali; 2003). An increasing concentration in TDS was 
observed in 2003 (Figure 1m; Appendix A) followed by a decreasing period over the 
winter months in 2004 (Figure 1n; Appendix A). The TDS concentration in 2005 again 
showed elevated levels, (Figure 1o; Appendix A) however there was a reduction once 
the water had reached Cell 5 (Bomitali; 2004; Bomitali; 2005).
The high pH in the wetland system had caused problems with the bacteria in the UASB
when wetland water was re-circulated back through the treatment plant. Therefore, in 
2002 calcium hydroxide was trialed in the treatment plant to aid in reducing the pH in 
the wetland. The effect of the calcium lowered the pH in the wetland from an mean of
pH 8.9 in December 2001 to mean of pH 8.6 in June 2002 (Bomitali; 2002). The pH 
levels in 2002 were in the upper limits set out by the EPA and the intention of using 
calcium was on the principle that it would react quickly and have no further influence 
downstream. The effects of calcium on pH were minimal although problems were 
caused due to calcium deposits and blockage at the treatment plant. Due to these 
problems magnesium hydroxide was used again from February 2003 (Bomitali; 2003).
In 2003, 2004 and 2005 the pH levels were still in upper ranges and the slow reacting 
nature of the magnesium is one of the reasons why the pH continues to increase through 
the wetland. The most important reason pH increases through the wetland in relation to 
this study especially during summer periods is the increase in algae blooms, which 
became aesthetically displeasing to the eye and produced an offensive odor (Bomitali; 
2004; Bomitali; 2005).
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2.8.Water quality from 2005 to 2007
2.8.1 Biochemical Oxygen Demand
The Biochemical Oxygen Demand recorded from five successive sampling dates found 
that Cell 2, BOD concentration in end Zone I fell well within the limits set by EPA of 
<100 mg/L (Highlighted Blue; Table 2-11). However, on the 15.03.06 an unexpected 
increase in BOD of 210 mg/L was observed in Zone I (Highlighted Orange).
The BOD concentration also fell within the set limits in Cell 3 on all sampling dates 
except on the 15.06.06 where an increase in BOD was observed (Highlighted Orange; 
Table 2-11) in Zone E of 210 mg/L (Figure 2-19) and was still outside discharge limits 
in Zone I at this time. 
In Cell 4, the BOD concentration fell well below the discharge limits (Highlighted Blue) 
set by the EPA (Table 2-1), except for the last two sample dates, which exhibited a small 
reduction (Highlighted Orange) .
On the 1.03.06, Cell 3 and Cell 4 the highest BOD loading at >320 mg/L and 270 mg/L 
respectively (Figure 2-19; Table 2-11)
The ability Cell 2 to reduce BOD is greater than that of Cell 3 and 4, however increases 
in BOD in the colder water on the last sampling date indicates that certain species of 
macrophytes become dormant and their oxygenation of sediments and water had slowed. 
As B. medians, P. australis and S, validus began to die back, their plant tissues and to 
some extent, biofilms re-enter the wetland adding to increased use of oxygen by 
decomposition and microbial processes.
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2.8,2 Suspended Solids 
Water samples collected from Cells 2, 3 and 4 on the five consecutive sample dates 
showed the SS concentration in Cell 2 showed a reduction through successive zones on
the 1.03.06 and final sample date on the 15.06.06 (Highlighted Yellow; Table 2-11). The 
suspended solid concentration on the 15.3.06 in Cell 2 and Cell 4 tended to be much 
higher that of Cell 3. In Cell 2, SS increased significantly from 250 mg/L in Zone G to 
520 mg/L in Zone I (not highlighted).
In Cell 4, the SS concentration was observed to decrease through successive zones on 
the first and second sample dates (Highlighted Yellow; Table 2-12).
The higher levels in both Cell 2 and 4 may likely have been a management practice I 
terms of controlling which cell will receive effluent or which cell is receiving water back 
from Cell 6. 
The increase and decrease in both BOD and SS concentrations observed in each of the 
deep zones from each of the cells reflects the complexity and capacity of which the 
biotic and abiotic environment reduces and oxidizes organic and inorganic matter. As 
suspended solids, increase there is an extra pressure on oxygen demand from 
decomposition, since microbial and plant respiration produce and use oxygen. The 
macrophytes in the shallow zones along with their root systems and biofilms gives
support to the oxygenation of sediments.
The quality of effluent discharged from the factory would vary in the composition of 
waste depending on what food additives were used in confectionary production. 
Managing practices have been implemented involving the control of weirs and pumps at 
certain times (reducing flow to a particular cell at particular time), as it will resonate SS 
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and BOD concentrations in each Cell. Overall, it appears that Cell 2 is more efficient at 
reducing both BOD and SS compared to Cell 3 and 4. 
Table 2-12 Biochemical Oxygen Demand (BOD, Suspended solids (SS) and Total 
Dissolved Salt (TDS) concentration (mg/L) in deep zones C, E, G and I from Cell 2, 
3 and 4 on dates sampled. Highlighted in Blue indicates BOD target in line with 
EPA set limits, Yellow indicates reduction in SS and Grey indicates reduction in 
salts. Orange indicates BOD concentration outside limits set by EPA.
Cell 2 Cell 3 Cell 4
Date Zone
BOD
(mg/L
)
SS
(mg/L
)
TDS
(mg/L
) Zone
BOD
(mg/L
)
SS
(mg/L
)
TDS
(mg/L
)
Zon
e
BOD
(mg/L
0
SS
(mg/L
)
TDS
(mg/L
)
30.11.0
5 C 100 19 3900 C 220 120 3300 C 150 180 3200
E 100 88 3100 E 100 230 3300 E 120 120 3300
G 100 100 2800 G 100 140 3300 G 30 82 3000
I 100 100 2900 I 100 110 3000 I 10 43 3000
31.1.06 C 30 50 3600 C 280 230 3700 C 180 190 3500
E 60 140 3400 E 110 170 3400 E 80 150 3400
G 70 150 2800 G 40 78 3300 G 50 110 3500
I 60 140 2600 I 50 110 3300 I 60 110 3100
1.3.06 C 220 170 4000 C 320 120 3700 C 270 120 3500
E 60 100 3500 E 160 140 3600 E 150 120 3500
G 50 140 3100 G 50 78 3400 G 50 120 3200
I 40 120 2800 I 50 74 3500 I 60 140 3100
15.3.06 C 170 140 3000 C 240 170 2800 C 130 200 3000
E 120 310 3300 E 130 170 3100 E 140 140 3100
G 90 250 2900 G 80 160 3200 G 80 160 3000
I 210 520 2600 I 80 130 3200 I 120 240 3200
15.6.06 C 150 180 3200 C 160 94 3100 C 140 130 3100
E 150 180 3200 E 210 98 3200 E 140 120 3200
G 60 180 3000 G 130 100 3200 G 160 140 3200
I 50 90 2800 I 150 140 3100 I 120 140 3300
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Figure  2-19 Biochemical Oxygen Demand and Suspended solids (mg/L) in deep 
zones C, E, G and I in Cell 2, 3 and 4 on dates sampled. Analysis made by NATA 
accredited Central Highlands Water
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2.8.3 Total dissolved salts
Water samples collected on the five dates exhibited elevated total dissolved salt 
concentrations throughout each sample Zone in Cells 2, 3 and 4 (Figure 2-20). 
The total dissolved salt concentration in Cell 2 decreased through each zone on all 
sample dates (Highlighted Grey; Table 2-12). The highest TDS concentration was 
observed in Cell 2 on the 1.3.06 in Zone C with a concentration of 4000 mg/L. A 
decrease in TDS concentration followed with a reduction to 2800 mg/L TDS in Zone I. 
Both Cells 3 and 4 showed less ability to reduce TDS than Cell 2, as Cell 3 showed 
reduction through successive zones on the first two sample dates (Figure 2-20). 
Cell 4 showed a reduction in TDS in the first three sample dates, however after this 
increases in TDS concentration on the 15.3.06 and 15.6.06 of 3200 mg/L and 3300 mg/L
was observed in Zone I respectively.
Interestingly samples collected on the 15.3.06 in Cell 2 showed an increase in TDS 
concentration from 3000 mg/L in Zone C to 3300 mg/L in Zone E.. An opposite trend in 
Cell 3 was apparent with an increase in TDS concentration from 2800 mg/L in Zone C 
to 3100 mg/L in Zone E.(Figure 2-20 and Table 2-11).
Cell 2 appears to have a greater capability in reducing the TDS concentration than both
Cell 3 and Cell 4 from Zone A to Zone I. The greater macrophyte cover of Cell 2 had
increased the capacity of the Cell to reduce salinity, BOD and to some extent suspended 
solids. Mangrove and salt marsh plants that have adapted to high saline coastal areas are 
similar to other higher plants in that their chloroplasts and enzyme systems are sensitive 
to high salt concentration. Sodium and chloride ions in higher plants have mechanisms 
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that exclude salts from their chloroplasts and cytoplasm. The salts are stored in vacuoles 
or excluded through salt pores in their leaves (Knox, Ladiges et al.; 1996; Symmonds 
and Synnot; 1997).
The unexpected increase in SS on the 15.03.06 in Cell 2 would have been due to 
increased phytoplankton biomass in Zone I. The increase in TDS from Zone C to Zone I 
in Cell 3 and 4 may also be a contrast to elevated BOD and SS in Cell 2 on this date. If 
water flows ceased in these two cells due to management practices salinity concentration 
will increase as water evaporates. Salts will also concentrate towards the end of the Cells 
and if macrophyte cover is poor have lesser ability to remove salts.
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Figure  2-20 Total dissolved salts in (mg/L) in deep zones C, E, G and I in Cell 2, 3 
and 4 on dates sampled. Analysis made by NATA accredited Central Highlands 
Water
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2.9 Importance of pH in wetlands
The pH of a wetland is dependent on the type of system and is a reflection of its 
location, soil makeup, hydrology, and even macrophyte type. The pH of a wetland 
system is an important factor in determining the type of microbial community that can 
survive within the system. The pH reflects the hydrogen ion content of wetland waters 
and is strongly correlated with the calcium content (Kadlec and Knight; 1996).
However, in the MasterFoods wetland it appears that magnesium may be the principle 
reason. Many bacteria prefer pH between 7 and 8 and those environments within this 
range showed increased denitrification potential of the community (Simek and Hopkins; 
1999). Algae can increase the pH of wetland waters to high values during periods of 
high productivity where blooms have been associated with temporary periods of pH at 8 
and 9. High pH levels have been shown to be toxic to various aquatic macrophytes 
(Simek and Hopkins; 1999).
2.9.1 pH from Zone A to Zone I
The pH in Cells 2, 3 and 4 increased significantly from deep Zone A to the last deep 
Zone I (Figure 2-21). The lowest pH value recorded was in winter 2005 from Zone A in 
Cells 2, 3 and 4 with pH values of 8.0, 7.9 and 8.0 respectively. The highest pH
recording from deep Zone I in Cell 2 and Cell 3 was in spring 2005 with a pH of 9.4. A 
pH of 9.6 was highest value recorded in Cell 4 in early autumn 2006.
Default trigger values outlined in the ANZECC guidelines 2000, assess the risk of 
adverse effects due to nutrients, biodegradable organic matter, and pH for slightly 
disturbed ecosystems. The guideline suggests that pH ranges for natural wetlands in 
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tropical Australia should fall between the lowest limit of pH 7.0 and highest limit pH 
8.0. For wetlands in southern Western Australia pH ranges should fall between the 
lowest limit pH 7.0 and pH 8.5. No data exists for wetlands in low rainfall south central 
Australia, South Australia or Victoria (ANZECC; 2000). One must be mindful, that the 
guideline trigger values for pH in the above states are for natural wetlands and could 
only be used as a comparison for the MasterFoods constructed wetland.
Open water zones within wetlands can develop high levels of algal activity, which in 
turn creates a high pH environment during summer periods. During the summer months 
when temperatures were higher and day length increased, the productivity of algae and 
phytoplankton increased. Algal photosynthetic processes peak during long daytime 
hours creating a diurnal cycle in pH. Photosynthesis unitizes carbon dioxide and 
produces oxygen thus shifting the carbonate-bicarbonate-carbon dioxide equilibrium to a 
higher pH (Kadlec and Knight; 1996). Some un-vegetated treatment wetlands have 
displayed high pH during the summer periods (pH >9.0) with circumneutral influent 
with pH 7.0 < 7.4) (Kadlec and Knight; 1996). Raw data is presented graphically and 
shows an increasing trend in overall pH through the Zones of Cells 2, 3, and 4 (Figure 
2a; Appendix B). The pH increases from Zone A from pH 7.5 and increases to pH 9 or 
greater as water travels through to Zone I in the wetland. One reason that had been 
suggested for the elevated pH (besides the increase in phytoplankton biomass), is that 
the magnesium hydroxide used in the UASB continues to react in the effluent once it 
enters, and flows through the wetland. 
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Figure 2-21 Mean seasonal pH in deep Zone A to deep Zone I in Cell 2, 3 and 4 
MasterFoods constructed wetland.
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2.9.2 Turbidity from Zone A to Zone I
Turbidity values were measured using a technique called nephelometry (nephelometry 
units=ntu) which measures the fraction of light scattered at right angles to the light path 
of water caused by the presence of suspended particulate and colloidal matter. This 
usually consists of suspended clay, silt, phytoplankton and detritus (ANZECC; 2000).
Turbidity levels in Zone I from Cell 2 followed a similar trend as Zone A with lower 
turbidity level from winter through to summer 2007, with a mean seasonal value of 
118.4 ntu (Figure 2-22). In contrast to Cell 2, turbidity values increased significantly in 
Zone I of Cell 3 and Cell 4 with mean seasonal turbidity recorded at a mean seasonal 
value of 390.2 ntu and 600 ntu respectively. 
The pattern of turbidity in Cells 2, 3, and 4 show varying increases and decreases 
between each zone and cell and each seasonal period (Figure 2b; Appendix B). 
Increasing levels of turbidity during summer in 2004/2005 followed by decreases in
autumn and winter (2005) and then increases again towards summer (2006), is 
dependant on season and temperature. The effect of temperature and season appears to 
be a factor in the reduction of turbidity or total suspended solids (TSS) and indicates that 
an increase in effluent TSS during the summer periods compared to winter effluent 
concentrations can be attributed to the settling of suspended particles in colder months
(Kadlec and Knight; 1996).
The default trigger value for turbidity set out in the ANZECC 2000 guidelines for lakes,
reservoirs and wetlands, suggest that turbidity ranges should fall between a turbidity 
lower limit of 10ntu to an upper limit of 100ntu in south-west Australia. A default 
trigger lower and upper limit of 2 to 200 ntu for tropical Australia and a default lower 
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and upper limit of 1 to 100 ntu for low rainfall south central Australia have been set 
(ANZECC 2000).. There are no guidelines or default trigger values set out by ANZECC 
on treatment wetlands; however, they have been developed for natural wetland systems 
that are slightly disturbed. The relevance of using them here is to illustrate the 
differences between slightly disturbed freshwater wetland systems and highly disturbed 
systems, such as the MasterFoods treatment wetland.
Phytoplankton biomass also contributes to high turbidity as day length increases towards 
the summer months. Lower turbidity in Cell 2 (compared to Cell 3 and 4) from Zone I in 
summer is due to good macrophyte cover and establishment of plants in 2002. The dense 
stand of P. australis in the zone H would slow the dispersion and increase the settling of 
suspended solids combined with an inhibition of algal growth due to shading. The
increase in turbidity in Cell 3 and 4 in Zone I towards summer 2007 is a reflection of
poor macrophyte growth, particularly in Zone D of Cell 4.
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Figure 2-22 Mean seasonal turbidity (ntu), concentrations in deep Zone A to deep 
Zone I in Cell 2, 3 and 4 MasterFoods constructed wetland.
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The measure of the amount of dissolved ions present within in the system is termed 
specific conductance or electrical conductivity. Specific conductance is proportional to 
the total dissolved salts or salinity in many surface waters and is a convenient measure 
of the salt content of waste waters (Kadlec and Knight; 1995).
The mean conductivity (μs/cm) was found to decrease from Zone A through to Zone I in 
Cell 2 over the seasonal period (Figure 2-23) with the greatest increase in conductivity 
observed in winter 2005 in Zone A with a mean conductivity of 5227 μs/cm which 
decreased to 4434 μs/cm in Zone I. The largest reduction in conductivity in Cell 2 was 
in autumn 2006, which decreased from 4374 μs/cm in Zone A to 3830 μs/cm in Zone I.
An overall reduction in conductivity over the seasonal period from Zone A through to 
Zone I in Cell 2 was evident.
In Cell 3, a reduction in conductivity was clear over the seasonal period from winter 
2005 to summer 2007 from zone A to Zone I. The greatest reduction in conductivity was 
in winter 2005 in Zone A through to Zone I with a mean conductivity of 5287μs/cm to 
4047 μs/cm respectively. The overall seasonal conductivity from winter 2005 to summer 
2007 showed a decrease in conductivity from Zone A through to Zone I, although the 
conductivity in Zone I remained relatively consistent across all seasons .
Conductivity on Cell 4 showed a different trend to that of Cell 2 and Cell 3. A decrease 
in conductivity was apparent in winter 2005 with a mean seasonal conductivity of 4827
μs/cm in Zone A to 4430 μs/cm in Zone I. 
In the spring of 2005, an opposite trend was observed with an increase in mean seasonal 
conductivity from 3658 μs/cm in Zone A to 3884 μs/cm in Zone I. The greatest 
reduction in conductivity was evident in summer 2005/2006 with conductivity in Zone 
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A from 4837 μs/cm to 3981 μs/cm in Zone I. A reduction in salinity in summer 2007 of 
4949 μs/cm in Zone A to 4533 μs/cm in Zone I was evident.
The specific conductance of natural inland waters is between 10 and 300 μmho/cm and 
in depressional salt lakes and in salt pans can reach levels over 60 000 μmho/cm (Kadlec 
and Knight; 1995). Total ionic salts in wetlands are to some extent altered by the 
biological and physical environment. These factors can greatly affect and reduce 
conductivity and therefore specific conductance is a relatively inaccurate indicator of 
dilution and concentration effects on hydrology by intense rainfall, runoff and 
evapotranspiration (Kadlec and Knight; 1995; Fraser, Carty et al.; 2004). From a 
MasterFood’s standpoint, their wetland is in a brackish condition and increases in 
salinity throughout the wetland are a result of effluent from the factory. An input of 
nutrients into wetland systems will increase conductivity and this increase should be 
reduced for improved water quality (Fraser, Carty et al.; 2004). Reducing salts in the 
effluent at MasterFoods depends on practices in the factory.
The ANZECC guidelines for default trigger values in tropical Australian lakes, 
reservoirs, and wetlands have set conductivity trigger values to a lower limit of 90 μs/cm 
and an upper limit of 900 μs/cm. The default trigger values set for southwestern
Australia have higher limits than the former. A lower default trigger value of 300 μs/cm 
and an upper limit of 1500 μs/cm are recommended. Default trigger values for wetlands 
in low rainfall areas in south central Australia have a lower conductivity limit of 300
μs/cm to an upper limit of 1000 μs/cm (ANZECC 2000).
There is an ability of macrophytes to take up salt in the wetland with reduction in 
salinity over seasonal periods in Cell 2 and 3 (Figure 2-10). The reduction of TDS in 
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Cell 2 appears to be much more favorable when observing individual sample dates
(Figure 2d; Appendix B). As water moves from Zone A to end Zone I conductivity in 
Cell 2 shows a reduction in salinity over the cooler periods with an increase towards 
summer 2005-2006 and 2007 in Zone I. The increase in salinity towards the end of Cell 
2 maybe attributed to evaporation of water from the cell increasing salinity 
concentrations. Conductivity in Cell 4 shows a different trend with a high value in Zone 
I compared to Zone A in the spring of 2005. Elevated salinity from spring 2005 was a 
consequence of evaporation and evapotranspiration of water from the wetland cell.  
Evaporation leads to an increase in salt concentration, which then can have a detrimental 
impact on growth of macrophytes in Zone D. Production of waste from the factory also 
increases salinity depending on their production and effluent output 
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Figure 2-23 Mean seasonal conductivity (μs/cm) concentrations in deep Zone A to 
deep Zone I in Cell 2, 3 and 4 MasterFoods constructed wetland.
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Dissolved oxygen concentrations in Cell 2, 3 and 4 were very low in Zone A throughout 
the seasons (Figure 2-24), with only small increases in DO concentration recorded in 
Summer 2005/2006 in Cell 2 and Cell 4, and in Winter 2005 in Cell 3. 
Dissolved oxygen concentrations in Zone I in Cells 2, 3 and 4 also showed some degree 
of variation between each other. In Cell 2, a significant increase in DO concentration 
from spring to summer 2005/2006, exhibited mean DO concentrations of 13.4 mg/L and 
13.7 mg/L respectively. Dissolved oxygen concentrations decreased in autumn to a mean 
of 9.3 mg/L then in increased significantly to 18.8 mg/L in winter. A decrease was 
evident in early summer 2007 with a reading of 3.9 mg/L.
In Cell 3, DO concentrations in Zone I displayed a decreasing trend from summer 
2004/2005 to summer 2007. A mean DO concentration of 6.9 mg/L in summer 
2004/2005 increased to 16.3 mg/L in autumn. DO concentrations decreased in winter 
and spring to 7.8 mg/L and 7.9mg/L respectively. In autumn, a mean DO concentration 
of 7.2 mg/L was recorded with very low DO concentrations in winter and late summer 
2006/2007 with DO concentrations of 0.1 mg/L and 0.8 mg/L respectively.
In Zone I of Cell 4 DO concentrations were elevated in summer 2004/2005 and autumn 
with seasonal mean DO concentrations of 4.7 mg/L and 12.8 mg/L respectively.
Seasonal mean DO concentrations decreased significantly in winter to a concentration of 
0.5mg/L then increased significantly in summer 2007 with a concentration of 11.0 mg/L.
Algal processes can increase the dissolved oxygen concentration to high levels during 
bloom conditions due to elevated photosynthetic production during the day and lower 
oxygen levels during the night due to respiration requirements.
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The decomposition in natural wetlands due to decaying vegetation and microorganisms 
requires more oxygen than can be transported through the overlying water so it is not 
XQFRPPRQIRU'2WREHPJ/LQWUHDWPHQWZHWODQGV (Kadlec and Knight; 1996).
Default trigger values set out in the ANZECC guidelines for tropical Australia and 
south- west Australia have set a lower DO limit of 0.9 mg/L and an upper limit of 1.2
mg/L of DO (ANZECC 2000). No data exists for wetlands in south central Australia and 
southeastern Australia.
A decrease in DO concentration from summer 2004/2005 to winter 2005 in Cell 2 was 
followed by a significant increase in DO from spring to summer 2005/2006 and reflects 
the seasonal and diurnal cycle found in macrophyte dominated wetlands but also reflects 
increase in phytoplankton biomass during longer daylight hours.
Macrophytes established in Cell 2 in 2002 have had a longer time to grow and disperse. 
An observation on macrophyte succession in Cell 2 is that P. australis will become the 
most dominant macrophyte and already dominates zone F and H. It is clear that the 
macrophytes are oxygenating the water in Cell 2 as the P. australis would influence a 
considerable amount of shading to algae and the greater root system biomass would 
contribute to a greater amount of oxygenation to the sediments from younger plants 
(Armstrong and Armstrong; 1988).
In Cell 3 an early increase in DO was observed in summer 2004/2005 and then declined 
gradually to summer 2005/2006, followed by slight increase in autumn and then 
decreased significantly in winter. The large increase in DO for the first season may 
reflect the oxygenation of sediments from removal of water and addition of top soil 
during renovation. The initial growth of macrophytes from time of planting would also 
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have contributed to elevated DO concentrations in the early stages. The decreasing trend 
observed towards the summer of 2007 may indicate poor growth of macrophytes in Zone 
H. The poor growth of plants in Zone H would reduce the ability of the plants to shade 
and reduce light to growing algae, as well as, reduced growth in root system biomass, as 
the rhizomes are need for oxygenation of sediments. An increase in algae also leads to 
reduction in oxygen levels due to the process of decomposition of dead algae/organic 
matter. The reduced growth in Zone H maybe reflected by water depth as excess water 
presents a stress because it inhibits diffusion of gases to and from plant roots (Kadlec 
and Knight; 1996). Flooding for long periods changes soil properties and allows 
accumulation of toxic gases such as hydrogen sulphide and ions such as manganese and 
iron (Kadlec and Knight; 1996). All zones were planted with macrophytes in Cell 4 so 
increases in DO from summer 2004/2005 was followed by decreases in DO
concentration toward winter 2005. A decreasing in DO concentrations from spring 2005 
to winter 2006 was evident, followed by an increase in DO toward summer 2007. 
Although the macrophyte stands in Zone D have shown poor growth, the macrophytes in 
Zone F and H are doing well. This would account for the presence of DO over the 
summer periods where growth of plants It must also be noted that the soil in Zone F and 
H is of a porous type compared to the heavy clay type in Zone D allowing greater 
growth and dispersion of rhizomes that aid in oxygenation of sediments. A graphical 
observation (Figure 2c; Appendix B), suggests that in late 2004 and early 2005, Cell 2
contained more available dissolved oxygen, compared to that of Cell 3 and 4. They both 
showed increased concentrations towards saturation (20 mg/L) in the summer of 2005
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and closer to winter, the DO concentration in Cell 3 and 4 decreased to lower levels than
Cell 2 in late summer 2005 and early 2006. 
Figure 2-24 Mean seasonal dissolved oxygen (mg/L) concentrations in deep Zone A 
to deep Zone I in Cell 2, 3 and 4 MasterFoods constructed wetland.
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2.9.5 Comparison of BOD and dissolved oxygen in deep zones
To gain insight into the oxygenation and oxygen depletion in the deep Zones C, G, E 
and I in the MasterFoods wetland Cells 2, 3 and 4 (Figure 2-25), shows a comparison 
between BOD and dissolved oxygen. Samples were collected on 4 visits to the site over 
several months from summer 2005 to winter 2006.  Water samples were collected from
the middle of the bank between each planted zone of each cell in 1L plastic acid washed 
bottles and were then taken to Central Highlands Water for BOD analysis. Dissolved 
oxygen parameters were taken at the same time When BOD concentrations are high the 
DO concentration is typically low. The BOD loading to the wetland should not exceed 
loading of >145 kg/d and MasterFood’s aims to have BOD concentrations of <100 mg/L 
in the wetland system to be functioning efficiently. Drastic reductions in BOD was
observed on the 1.3.06 in Cells 2, 3 and 4 and on the 15.6.06 in Cell 2, which also 
exhibited increased DO concentrations in their deep Zones.
The first sampling date on the 30.11.05 exhibited BOD concentrations of 100 mg/L with 
a reduction in DO concentration from the deep zones of Cells 2 and 3. The rate of 
oxygenation to the water appears to be greater than oxygen consumption by microbial 
processes in the wetland.  The combination of increased macrophyte and biofilm 
biomass in each zone of each Cell also will lead to oxygen production.
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Figure 2-25 Biochemical Oxygen Demand and dissolved oxygen in Zones C, E, G 
and I from Cell 4 on dates sampled. BOD analysis made by Central Highlands 
Water and dissolved oxygen sampled with Yeo-kal water quality probe.
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2.9.6 Phytoplankton chlorophyll Į
&KORURSK\OO Į concentration was measured using YSI 6025 chlorophyll sensor with a 
600 OMS sonde and was placed in deep zones (A, C, E, G and I) in wetland Cells 2, 3 
and 4 between a depth of 0.5m and 1.0m between 12th of October 2005 and 20th of 
February 2007 (Figure 2-26). Cell 1 showed a significant increase in phytoplankton 
FKORURSK\OOĮFRPSDUHG WR&HOO RQ WKH7KH&KOĮFRQFHQWUDWLRQGHFUHDVHG
substantially in Cell 2 by the following sample date and any further increase between 
successive sample dates fell well below that of Cell 5. &KOĮFRQFHQWUDWion from Zone A 
through to Zone E in Cell 2 decreased on the 12.10.05 and then increased concentrations 
to over 400μg/L in Zone G and I on the 30.11.05. Phytoplankton CKOĮconcentration in 
Zone A of Cell 2, 3 and 5 elevated to concentrations reaching of 559.3μg/L however 
GHFUHDVHGWKHZLQWHUSHULRG(OHYDWHG&KOĮFRQFHQWUDWLRQVLQ&HOOWRZDUGVWKHVXPPHU
period was a combination of the long daylight hours and re-circulated water back from 
Cell 1.
Figure 2-26 3K\WRSODQNWRQ FKORURSK\OO Į FRQFHQWUDWLRQV (μg/L) from Cell 1 and 
Cell 5 on dates sampled
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There is a great amount variation in cKORURSK\OOĮ concentration between in each of the 
deep zones among Cells 2, 3 and 4(Figure 2e; Appendix B).For example; there was a 
considerable difference LQ&KOĮ concentration in Cell 2 on the 30.11.05. A reduction in 
&KOĮFRQFHQWUDWLRQZDVREVHUYHGIURP μg/L in Zone A to 41.3 μg/L in Zone C. 
ThH&KOĮFRQFHQWUDWLRQLQFUHDVHGVLJQLILFDQWO\WR D&KOĮFRQFHQWUDWLRQRIμg/L 
in Zone I.
Cell 4 on this date showed a different trend, with deep Zones A, C and E exhibiting Chl 
ĮFRQFHQWUDWLRQVRI!J/$IWHUGHHS=RQH(D Oarge reduction was observed in 
&KOĮconcentration to 100.4 μg/L in Zone I.
$QRWKHU H[DPSOH LV WKH LQFUHDVH LQ&KO Į FRQFHQWUDWLRQ LQ&Hll 3 from 111.9 μg/L in 
Zone A to 557.2 μg/L in Zone C on the 15.3.06. Cell 4 on this date decreased from a Chl 
ĮFRQFHQWUDWLRQRIJ/LQ=RQH*WRJ/LQ=RQH,
7KH&KOĮFRQFHQWUDWLRQSHDNHGDWJ/LQDOOGHHS]RQHVLQ&HOOVDQG 4 on the 
last sampling date of the 20.2.07m where as Cell 2, showed YDULDWLRQ LQ &KO Į
concentration throughout the deep zones KRZHYHU &KO Į FRQFHQWUDWLRQ H[FHHGHG 
μg/L after Zone A. 
The rHGXFWLRQ LQ&KO Į LQ=RQHE to Zone G of Cell 3 was attributed to the stand of 
Phragmites australis already established in Zone F from 2000 plantings and thus would 
provide shade to the phytoplankton.
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2.9.7 Oxidation and reduction potential
Free oxygen decreases rapidly with depth in flooded soils because of the metabolism of 
microorganisms, which consume organic matter through chemical oxidation of reduced 
substances. The measure of electrical potential (called oxidation-reduction potential or 
redox) provides an estimate of the soils oxidation-reduction potential (Eh). When the Eh 
is >300 mV conditions are termed aerobic because dissolved oxygen is available and 
when the Eh is <-100 mV the condition are termed anaerobic because there is no 
dissolved oxygen (Kadlec and Knight; 1996).  Oxidation and reduction are 
transformations involving the movement of protons and electrons between molecules 
and often result in differences in the chemical properties of molecules being oxidized or 
reduced (Kadlec and Knight; 1996). Situations in treatment wetlands are complex 
because there are a number of species and redox routes. As soils become increasingly 
reduced, chemical other that oxygen provide electrons for further reduction and while 
aerobic soils have an Eh from 400 to 700 mV corrected to pH 7, wetland soils may have 
an Eh range from -300mV or lower (strongly reduced)  to about 700 mV ( well oxidized) 
(Kadlec and Knight; 1996). Oxygen depletion in wetland soils is typically complete in 
the Eh range between +320 mV to +340 mV. Nitrate reduction or as it is known, 
denitrification or ammonification may begin before complete oxygen removal and is 
considered to be complete at about +220 mV. Manganic manganese is reduced to 
manganous manganese by -220 mV, ferric iron is reduced to ferrous form by -120 mV, 
sulfate is reduced to sulfide at -150 mV and carbon dioxide is reduced to methane from -
250 to -200 mV. Sampling indicated that on most sampling dates the Eh fluctuated more 
often between -300 mV and +300 mV (Figure 2f: Appendix B)
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The MasterFoods wetland Cells show various degrees of oxidation/reduction potential in 
the different zones and (Figure 2f: Appendix B). The Eh of the wetland was initially 
aerobic in Cell 2 compared to Cell 3 and 4 on the first sampling date on the 24.9.04, 
however as the macrophytes established themselves and grew in Cell 3 and 4 they 
produced oxygen from their roots to the sediments and the Eh began to increase from 
Zone A through to Zone I. The oxidised sediments in Zone A were expected as readings 
were taken further along the cells and reduction of the sediments becomes more evident. 
The Eh on the 20.1.05, 18.5.05, 27.7.05, 24.8.05 and the 31.1.06 exhibited Eh values of 
> +400 mV from all zones indicating aerobic conditions on these sampling dates.   
2.9.8 Temperature in the MasterFoods wetland system
The temperature of effluent from the factory entering the receiving waters in Cell 1is 
found to be warmer than what would naturally occur. The temperature of water Cell 1 
enters at temperatures ranging from between 18º C to 30º C and on average at 
approximately 22º C. Depending on the season and ambient atmospheric temperature, 
the effluent cools down as it moves from Zone A through to Zone I and further cool in 
the winter months with increases in the summer months. In winter, the temperature was 
observed to increase in Zone G of Cell 3 on the 27.7.05 (Figure 2g: Appendix B). The 
water that flows through Zone F, which is covered by a thick stand of P. australis,
would show increases in temperature as water temperature is known to increase amongst 
vegetation in wetlands due to insulation from wind and energy production due to 
microbial respiration processes in the sediments. 
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Chapter 3
3 Lake Colac Boeckella triaticulata exposed to MasterFood’s waste waste water
water
The objective is to examine the use of the micro crustacean Boeckella triaticulata (order 
Calanoida; subclass Copepoda) as a model species to indicate potential response of a
top-down grazer to assist treated waste water in the wetland system. These organisms 
theoretically would be responsible for reducing alagal blooms and turbidity in the 
MasterFoods treatment wetland. Talling (2003) stated that in both fresh and marine 
temperate waters it is common for a spring maximum of phytoplankton followed by an 
increase in zooplankton.  Zooplankton grazers often regulate the disappearance of 
phytoplankton biomass and the increase in water transparency (Talling; 2003; Balayla 
and Moss; 2004).
At present, the MasterFoods wetland is totally void of copepods, and because a
zooplankton community composition in shallow-water systems are mostly dependant on
predation, there are currently no populations of fish in the MasterFoods constructed 
wetland. Many studies of shallow water systems have found that predation by fish to be 
the factor influencing zooplankton composition. (Norlin, Bayley et al.; 2006). Factors 
other than predation,  that can influence zooplankton community composition, is water 
chemistry, hydrology, food source and the presence of emergent and submerged 
macrophytes (Norlin, Bayley et al.; 2006). Results from a study investigating the 
similarity of zooplankton structure in various water vegetation on the shallow 
Wielkowiejske lake in Poland, demonstrated that the similarity of zooplankton 
communities within the different types of macrophytes did not show a uniform pattern
(Kuczynska-Kippen and Nagengast; 2006). The importance of zooplankton relates to the
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link between classical food chains and pelagic microbial food webs of lakes. Plankton 
and microbial food-webs play an important role in nutrient cycling and energy flow in 
lakes and are important determinants of the productivity of aquatic systems (Burns and 
Schallenberg; 2001).
3.1 Bioassy experiments
Bioassay toxicity procedures are a critical tool for predicting and monitoring the effects 
of waste water discharged into receiving waters. Bioassays describe, evaluate, and 
predict the potential hazard of toxic materials to organisms, ecosystems, and the health 
of polluted waters. Although, toxicity testing receives a great deal of attention, there is a 
necessity in Australia for increased recognition on the development of toxicity testing 
using endemic species. Bioassay testing and elucidation of obtained results may be 
relatively simple or very complex. Natural variations in test organisms can affect the 
results of bioassays, as there are major problems for the simulation of natural processes 
in the environment for which exposure of organisms to toxicants frequently occurs.
For decades, scientists often employ the use of microorganisms, plants, and animals in 
ecotoxicology bioassays to identify toxicity effects of chemicals in aquatic systems.
Caplan (1981) described several methods to monitor microbial metabolism in activated 
sludge using in vitro radiometry and microscopy techniques. Biochemical methods used 
to assess microbial toxicity to reazurin (an oxidation-reduction indicator) reduction by 
microbial dehydrogenase as well as acid and alkaline phosphatase activity have 
predicted digester failure in anaerobic sludge systems (Ashley and Thurst; 1981; Caplan; 
1981; Liu; 1981). Marine algae, especially diatoms, have and still do serve as test 
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organisms in bioassays to determine nutrient status and investigations into the effects of 
a wide variety of pollutants (Sakshaug; 1977). Rice grain germination bioassays have 
been employed to elucidate ecological and industrial discharges (Sheikh; 1981). The 
duckweed  Lemna paucicostata has been studied to detect accumulation and depuration 
of metals originating in coal-fired power plant effluents (Clark; 1981; Nasu and 
Kugimoto; 1981; Davis; 1981), Other experimenters have also used L. gibba to compare
static and flow through bioassays (Davis; 1981). Macrophytes species such as 
Potamogeton pectinatus, Vallisneria spiralis and Hygrilla verticillata have been utilized 
to test heavy metal and herbicide toxicity effects (Jana and Choudhuri; 1981; Dabydeen 
and Leavitt; 1981). Invertebrate species especially the freshwater cladocerans Daphnia 
magna and D. pulex, are one of the most commonly employed freshwater invertebrate 
bioassay test species to this day. Cladocerans have been employed in biomonitoring 
bioassay programs for risk assessments to asses cyanobacteria blooms, cyanotoxin 
toxicity in reservoirs (Filho-Ferrao, Soares et al.; 2009) and in acute copper toxicity 
bioassays  (Bossuyt and Janssen; 2004). Daphnia species are widely used as bioassay 
organisms for both single-test species or as one species in a battery of tests.
The other common freshwater and marine bioassay test species comes from the order 
Copepoda: Calanoida. Copepods are significant consumers of phytoplankton biomass, in 
particular diatoms, and the manner and rate of metal and nutrient cycling by copepods 
must thus affect availability to other organisms (Mackie and Hunter; 2005).
Due to its wide distribution, short life cycle and high reproductive potential, the 
Calanoid copepod Acartia tonsa was recommended by Medina (2004) and used in 
standard toxicity tests with static-renewal culture experiments (Medina and Barata; 
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2004). The acquirement for suitable test animals in sufficient numbers constitutes major 
challenges in toxicity testing, since collecting specimens in the field can be labor
intensive with extended time needed to identify the objective species (Medina and 
Barata; 2004). The acclimation of field-collected animals may also bias the test results 
due to added stress during capture and transportation of the animals to the laboratory. 
Animals taken from the field may also be diseased and may give misleading results 
particularly in acute and chronic toxicity testing (Medina and Barata; 2004).
Bioassay testing and interpretation of the results obtained may be relatively simple or 
very complex. The calculation of the LC50, the concentration of test material resulting 
in a mortality of 50% of the test organisms, would seem to be a simple and yet there are
variety of ways to calculate LC50's and their 95% confidence limits. Stephan (1977)
stated the desirability of adopting a uniform way of analyzing data from acute mortality 
tests and described improved new methods employing the moving average and other 
statistical estimation procedures (Stephan; 1977). In the same year, Hamilton (1977) 
gave a critical discussion of methods for estimating the median lethal concentration for a 
toxicant, based on the integrated normal (probit) model and the logistic (logit) model
(Stephan; 1977; Hamilton; 1977). In comparison to other methods, they both 
recommended the trimmed Spearman Karber method, a calculable, model-free method 
where data from actual and hypothetical bioassays. The above methods are widely in use 
today by ecotoxicologists.
Water quality guidelines that establish limits to chemical releases are usually derived 
from acute and/or chronic bioassays with individual contaminants, however they may 
152
fail to predict interactions and associated effects of mixed chemicals in solution (Cooper, 
Bidwell et al.; 2009).
3.1.1 Ionic composition 
Differences in ionic proportions have an influence on some components of the faunas of 
salt lakes. A view point stated  by Cole (1968) that ‘in spite of marked volume changes 
and thus stable changes, the relative ionic composition of  a saline lake remains 
singularity the same’ (Cole; 1968). An  opposing view by  Beadle (1969) noted that the 
‘principle features of biological importance in saline lakes are the enormous seasonal 
changes in salinity with the consequent changes in relative composition owing to 
differential precipitation of ions during evaporation (Beadle; 1969). An investigation of 
five lakes near Colac, western Victoria by Williams (1976) found that whilst the lakes 
showed constancy of ionic proportions, their similar constancy might well apply in most 
Australian lakes. Their data displays evidence that the ionic proportions of inland lakes 
may remain relatively constant over short periods (seasonal) of time or may vary. Its is 
known that ground waters are important in the transfer of salts throughout the region 
studied (Williams and Buckney; 1976). Sodium chloride is the most common form of 
salt in saline lakes globally and is most frequently encountered in Australia and South 
Africa (Derry, Prepas et al.; 2003; Bollmohr, Schulz et al.; 2009). The ionic proportions 
as a chemical parameter varies widely between salt lakes on a gross geographical basis 
and are reported to vary secularly within individual lakes and between geographically 
proximate ones (Williams and Buckney; 1976). A variety of ionic compositions occurs 
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in salt lakes where five combination are generally encountered (Na: Cl, Na: Cl > CO3,
Na: Cl >SO4, Na: HCO3- + CO3 and Na.
Salinization can alter the relative proportions of cations and anions in water that can 
change chemical equilibrium and solubility of some minerals of  the major cationic 
(Na+, K+, Mg2+ and Ca2+) and anionic species (Cl- SO42- and HCO3-/CO3-) and may vary 
between locations in both abundance and concentration (Nielsen, Brock et al.; 2003).
Both the light climate and the mixing properties can potentially change due to salinity of 
a water body. This change can have an impact on the cycling of energy and nutrients 
within the system (Nielsen, Brock et al.; 2003). Freshwater biota is influenced as much 
by ionic composition, pH and the total concentration of dissolved substances. The 
relative proportions of the main cations and anions modify the way biota responds to 
high salinities. The rate of clarification is enhanced by the presence of the divalent 
cations (Ca2+ and Mg2+) common in saline ground water. Increased water clarity as a 
consequence of saline groundwater intrusions has been implicated in the formation of 
significant blooms of cyanobacteria in lake systems (Nielsen, Brock et al.; 2003).
Unlike other natural salt lakes in Victoria, the MasterFoods wetland ionic composition 
remains relatively stable due to the continual production of waste effluent entering the 
receiving waters from the factory combined with the chemical additives from both the 
food processing waste and treatment facility. The pH levels in the MasterFoods wetland 
enter from Cell 1with a pH of 8 and then increase significantly to around pH 9 and pH
9.5 by the time the water reaches Zone I and Cell 5 (Chapter 2). The factors that 
contribute to alkalinity include the type of dissolved inorganic and organic compounds 
present in the water and the amount of suspended organic matter in the water. Other 
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factors that contribute to alkalinity is whether the water is strongly or weakly buffered
by the presence or absence of free hydroxyl alkalinity. Calcium is biologically active 
because it is one of the nutrients required by invertebrates and vertebrates and because 
of its role in the carbonate cycle. Calcium is a principle component of calcium 
carbonate, which is the basic building block for mollusk shells, coral, corollaceous algae 
and bone (Kadlec and Knight; 1996). During photosynthesis, calcium is removed from 
surface water along with carbon dioxide. During respiration the carbonate and associated 
calcium concentration increases as carbon dioxide in the form of carbonic acid is 
released. The net effect of these processes is generally zero change in hardness when 
photosynthesis is in equilibrium with respiration (Kadlec and Knight; 1996). In some 
systems, the calcium component of hardness may change because there is generally an 
excess of calcium in surface water and waste water. Although it must be noted that 
calcium concentration does not appear to change significantly in most wetland treatment 
systems (Kadlec and Knight; 1996).
Magnesium is an essential micronutrient because of its role in phosphate energy transfer 
and because it is a structural component in the chlorophyll molecule. Because 
magnesium concentration of surface water almost always exceeds the requirements for 
plant or animal growth, elevated magnesium concentrations are not effected when waste 
water travels through wetland treatment systems (Kadlec and Knight; 1996). Most 
natural wetlands act as magnesium sources rather than sinks, with removal efficiencies 
ranging from 300 to 36% in five systems. It has also been found that magnesium is 
relatively mobile in wetlands and leeches quickly from dead or decomposing vegetation
where as, litter decomposition studies have found that calcium on the other hand is one 
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of the least mobile elements in wetland plants (Kadlec and Knight; 1996). The 
magnesium concentration in the MasterFoods wetland system was approximately 750
mg/L and sometimes around 800 mg/L (Table 3-1). 
To establish the chemical conditions of water after it has reached the final Zone, water 
samples were collected from Cells 2 and 4 (Table 3-1). The water quality data was
arranged into a piper diagram in total anion and cation ionic proportions for comparison 
against the ionic proportions of natural lakes in southern Victoria (Figure 3-1). Problems 
with balancing the total anion and cation concentrations were unclear and the laboratory 
had tested the water samples a number of times and found the same results. The anion 
and cation concentrations in both Cell 2 and Cell 4 did not calculate correctly for an 
equal total percentage of cations and anions (Tables 3-2 and 3-3). The Water quality 
Laboratory could not extrapolate on what could be the problem but suggested 
volatilisable organic components like the aliphatic and aromatic hydrocarbons (Yuli, 
McDonnell et al.; 2009).
Overall, the MasterFoods wetland water from Cell 2 and 4 are identical, although far 
removed from the ionic composition of lakes in southwestern Victoria (Williams; 1978).
Magnesium and bicarbonate concentrations were extremely elevated in Cell 2 and Cell 4
compared to natural lakes in the southwest (Table 3-4 and Figure 3-1). The magnesium 
percentage ionic equivalencies in Cell 2 and Cell 4 were 92.4% and 90.4% respectively. 
Bicarbonate concentration was in the order of 96.2% and 95.5% in Cell 2 and Cell 4 
respectively. Low chloride concentrations were also observed in both Cell 2 and Cell 4 
exhibiting percentage equivalencies of 3.6% and 4.3% respectively, compared to natural 
156
lakes containing chloride levels of between 50% and > 90% (Figure 3-1 and Tables 3-1,
3-2 and 3-4).
Table 3-1 Anion and cation concentrations (mg/L) from the MasterFoods wetland 
system in Cell 2 and 4. Water quality analysis performed by NATA accredited 
Water Quality Laboratory, Deakin University Warrnambool.
Water Quality Laboratory Data
Wetland Water (mg/L)
Parameter Cell 2 Cell 4
Chloride 95 110
Sulfate 2.5 2.4
Sodium 110 130
Potassium 40 40
Calcium 9.4 14
Magnesium 760 750
Bicarbonate 4280 4140
Table 3-2 Cell 2 Cation and anion percentage equivalence from Cell 2 MasterFoods
constructed wetland. Water quality analysis performed by NATA accredited Water 
Quality Laboratory, Deakin University Warrnambool
Cell 2 Cation and Anions percentage equivalents
Cations Ion Charge Anions Ion Charge
Mg2+ 92.248 Cl- 3.677
Na+ 7.060 S042- 0.070
Ca2+ 0.692 HCO3- 96.252
K+ 1.5094
Total Total
101.509 99.999
Table 3-3 Cation and anion percentage equivalence from Cell 4 MasterFoods
constructed wetland on the 3rd of August, 2005. Water analysis performed by 
NATA accredited Water Quality Laboratory obtained, Deakin University, and 
Warrnambool.
Cell 4 Cation and Anions percentage equivalents
Cations Ion Charge Anions Ion Charge
Mg2+ 90.664 Cl- 4.370
Na+ 8.309 S042- 0.071
Ca2+ 1.027 HCO3- 95.560
K+ 1.5032
Total Total
101.50323 100.001
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Table 3-4 Percentages of equivalent sum of total anion and cations of lakes in 
southwestern Victoria
Equivalent sum of total cations or anions of Lakes in south western Victoria
Lake Cl- S04- Na+ K+ Ca2+ Mg2+ HCO3-
Purrumbete 55.4 12.2 59.7 1.7 13 26 32.4
Colac 82.8 1 - 72.7 9.1 18.2 15.9
Bullenmerri 86.3 0 92.4 1.9 0.8 5.2 13.7
Corangamite 95.4 0.6 86 0.8 0.6 12.6 4
Werowrap 65.5 0 95.2 3.7 0 1.1 34.9
Gnotuk 98.9 0 77.6 2 1 19.4 1.1
Weering 96.3 3.5 85.2 0.64 0.2 14 0.2
Beeac 96 3 95 1 4 <1 <1
*from (Williams; 1978)
Figure 3-1 Piper diagram of ionic proportions of MasterFoods wetland Cell 2 and 4 
compared to natural lakes in southern Victoria.
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Table 3-5 Water samples collected from deep zones A, C, E, G and I from Cell 2. 
Analysis of heavy metals (mg/L) determined by the Marine and Freshwater 
Research Laboratory Environmental Science, Murdoch University Perth.
The water quality in deep zones of the treatment cells showed an elevation of 
magnesium at (860 mg/L) and to a lesser extent aluminum (0.22 mg/L) at detectable 
levels (Table 3-5). Aluminum is used in the coagulation process of suspended solids and 
is commonly added in water treatment processes as aluminum hypochlorite.
Cell 2
Water Quality Parameters (mg/L)
Deep Zones Aluminum Arsenic Cadmium Chromium Copper
A 0.22 0.01 <0.0006 0.002 <0.001
C 0.07 0.01 <0.0006 0.001 <0.001
E 0.05 0.01 <0.0006 0.001 <0.001
G 0.04 0.01 <0.0006 0.001 <0.001
I 0.05 0.01 <0.0006 <0.001 <0.001
Reporting 
Limit <0.01 <0.01 <0.0006 <0.001 <0.001
Deep Zones Magnesium Manganese Nickel Lead Zinc
A 860 0.24 0.13 <0.01 0.026
C 780 0.22 0.13 <0.01 0.049
E 720 0.21 0.14 <0.01 1.1
G 750 0.21 0.15 <0.01 0.43
I 730 0.21 0.15 <0.01 0.13
Reporting 
Limit <0.005 <0.0002 <0.004 <0.01 <0.002
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3.2 Methods-water quality
Table 3-6 Water Quality Laboratory Deakin University Warrnambool. NATA 
accredited laboratory
Method Parameter Unit
4500-Cl-B Chloride mg/L
4500-SO=E Sulphate mg/L
3500-Na D Potassium mg/L
3500-Ca B Calcium mg/L
3500-Mg B Magnesium mg/L
2320 B Bicarbonate as HCO3- mg/L
3111-B Ca Calcium mg/L
3111-B Mg Magnesium mg/L
WQL-04 Nitrate-N mg/L
WQL-04 Nitrite-N mg/L
4500-NH3 B/E Ammonia-N mg/L
Table 3-7 Analytical methods for chemical analyses in accordance with Marine and 
Freshwater Research Laboratory Environmental Science Perth
Method Parameter Unit
ICP001 Aluminum mg/L
ICP001 Arsenic mg/L
ICP001 Cadmium mg/L
ICP001 Chromium mg/L
ICP001 Copper mg/L
ICP001 Magnesium mg/L
ICP001 Manganese mg/L
ICP001 Nickel mg/L
ICP001 Lead mg/L
ICP001 Zinc mg/L
3.2.1 Water collection for toxicology analysis
Treated waste water was obtained on the 22nd of April, 2005 from the MasterFoods
constructed wetland (Cell 5). Water was collected and held in 40L plastic containers
before being transported back to the Deakin University Warrnambool campus. The 
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waste water was then stored in a climate control room (15ºC) for 24 hour to improve 
oxygenation. Aeration from an aquarium pump via air hoses were applied to the 
containers. Collection of Lake Colac water was from the boat ramp at the southern end 
of the lake and stored in the same way as mentioned above. The physical and chemical 
features were measured from both Cell 5 and Lake Colac using a Yeo-Kal Intelligent 
Water quality Meter. This was to compare pH, salinity and dissolved oxygen levels 
between both water bodies. 
If pH and salinity levels were found to be similar between Lake Colac and Cell 5 there is 
an assumption that crustaceans living in Lake Colac should be tolerant to the water 
quality parameters present in the MasterFoods wetland. If this is the case then such 
crustaceans could be suitable for introduction to the MasterFoods wetlands. .
Collection of untreated waste water came directly from the factory before being piped to 
the treatment plant and before the addition of magnesium hydroxide in the UASB
(Section 3.5).
3.2.2 Water quality results
Using a Yeo-kal Intelligent Water Quality Meter the physical and chemical features of 
Cell 5 at the Masterfoods wetland were measured (Table 3-8). Some parameters (pH and
to a lesser extent salinity) were found to be similar to that of Lake Colac water although 
higher concentrations of dissolved oxygen was found in Lake Colac water and to a lesser
extent, low turbidity. The calanoid copepod B. triaticulata is able to tolerate fresh water
at salinities above 22,000 to 30,000 mg/L in Australia, so overall salinity may not 
constitute the dramatic mortality in this species in the MasterFoods wetland water. The 
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overall ionic composition of MasterFoods water and the type and quantity of a specific
salt present or absent in the water maybe contributing to high mortality of copepods.
Table 3-8 Physical and Chemical features of treated waste waste water water from 
MasterFoods constructed wetland (Cell 5) and water from the southern end of 
Lake Colac.
Table of Physical Chemistry Water Quality of Cell 5 MasterFoods Constructed 
Wetland and Lake Colac
Parameters Cell 5 Lake Colac
pH 9.23 9.2
Temperature (ºC) 13.81 16.35
Oxidation reduction Potential (Mv) 206.0 159
Salt (ppt) 2.91 4.06
Dissolved oxygen (mg/L) 0.6 14
Turbidity (ntu) 208.9 59.7
*Results obtained using a Yeo-kal Intelligent Water Quality Meter.
*Sample readings for Cell 5 (MARs) were taken from an outlet weir to Cell 6 and from 
the southern end of Lake Colac from a jetty adjacent to the car park using a Yeo-kal 
Intelligent Water Quality Meter
3.2.3 Toxicity tests, water filtration and pre-treatment
Toxicity trials were performed by tier filtering waste water through filter papers with 
pore sizes ranging from 45 μm, 0.45 μm and 0.22 μm respectively. Due to high 
particulate organic and colloidal matter, waste water was step filtered for all
experiments. Effluent was first filtered through 80 μm sieve before being filtered
through 45 μm 110 mm ashless quantitative Whatmann [Cat No. 1441 110 (45 μm)] 
papers using a Burchner funnel (10 0mm diameter) attached to ephemeral flask. An Air 
Cadet vacuum desk pump provided suction of water through the filter paper and further
filtration was achieved by using a 1.2 μm Whatmann [GF/C Cat No. 1822 055 (1.2
μm)]. Effluent was further filtered through Whatmann 1 Cellulose (55mm) qualitative 
circles [Cat No. 1001 055 (11 μm)] then Whatmann (55 mm) diameter filter paper. For
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0.45μm and 0.22 μm filtered water, Millipore nitrocellulose paper (47mm in diameter)
and Millipore ash less quantitative nitrocellulose paper Cat No. GSWP04700 were used
respectively. Lake Colac water was filtered through Whatmann #1 (11 μm) and finally 
0.45 μm Millipore nitrocellulose paper.
3.2.4 Copepod collection
The majority of calanoid copepods occurring in Australian inland waters are in the 
genera Calamoecia, Boeckella and Hemiiboeckella in the family Centropagidae (Maly,
Halse et al.; 1997; Bayly; 1998; Halse and McRae; 2001).
Boeckella. triaticulata was sourced from Lake Colac (Plate 54; Appendix A) due to the 
lakes physical and chemistry parameters being similar to that of the MasterFoods
wetland water (Table 3-6).
Lake Colac had an abundant supply of copepods, easy access for collection, and the 
micro-crustaceans were able to tolerate salinity levels similar to that of the MasterFoods 
wetland system. Lake Colac calanoid copepods were collected on the 22nd of March, 
2005 from the jetty at the southern end of Lake Colac using a 45μm plankton tow net.
The net was cast out approximately 5 metres and drawn in from a depth of 1 metre. This 
was repeated until significant numbers of copepods were collected. Copepods were 
placed into 500 mL plastic jars and transported back to Deakin University,
Warrnambool.
Live zooplankton was gently poured through an 80 μm wire mesh placed inside a funnel
to separate larger zooplankton. The funnel was used to aid in the transfer of zooplankton 
to the collection container. Zooplankton were held in 500 mL plastic jars and aerated
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using an aquarium pump for oxygenation. Small pieces of sponge were inserted into the 
ends of each air hose to obtain subtle bubbling to reduce fatalities.
The copepods (Figure 3-2) were transported to the protistology laboratory and identified 
as B. triaticulata by dissection of the 5th leg (Figure 3-3, 3-4 and 3-5) under a high-
powered dissection microscope. Dissection was achieved by the aid of hypodermic and 
glass needles. Comparisons of appendage attributes were compared to keys and 
diagrams in (Jolly 1955, Jolly 1957; Bayley 1962, Bayley 1964; Bayley, Bishop et al; 
August 1967; Bayley 1998; Halse and McRae 2001).
Figure 3-2 Micrograph of the Calanoid Copepod
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Figure 3-3 a-Boeckella triaticulata posterior aspect of male fifth legs from, 
magnification x40, showing, a-middle and distal segments left exopodite forming a 
long curved claw
Figure 3-4 b-Boeckella triaticulata teeth attached to inner distal edge of the left 
prodopodite segment 
ab
b
b
b
a
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Figure 3-5 Fifth leg of female Boeckella triaticulata fifth pair. magnification x40, 
showing a-basis, b- three segmented endopidite, c- exopodite (outer branch of 
appendage), d -distal exopodite, e- praminate spine at inner distal corner of middle 
segment (bent inwards) and f-outer spine shorter than the inner one
3.2.5 Copepod survival tests
Acute 48-hr acute toxicity tests were initiated with the introduction of field collected B. 
triaticulata to various concentrations of MasterFoods waste water diluted with Lake 
Colac water (%) filtered to, 45 μm, 0.45 μm and 0.22 μm. Further testing (Section  3.3 -
3.11; this Chapter) involved an investigation into the copepods ability to tolerate 
different ranges of pH, Blue Food color, the addition of Calcium Chloride (CaCl2) to 
Cell 5 water, the addition of Magnesium Hydroxide (MgOH) to untreated effluent, and 
the addition of Magnesium Chloride (MgCl2) and Magnesium Sulphate (MgSO42-) to 
Lake Colac water. 
The first series of tests were assayed to investigate whether the removal of algal and 
organic matter by filtration size from 45 μm, 0.45 μm and 0.22 μm were having any 
effect on copepod survival and further experiments with untreated waste water were 
e
a
b
c
d
f
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made to investigate whether copepods survived. Toxicity trials exposing B. triaticulata
to different concentrations of MasterFoods waste water from Cell 5 with Lake Colac
(diluent) water were employed. Five treatments with five replicates were set up with 
concentrations ranging from a control (Lake Colac water) and a mix of Lake Colac
water with Cell 5 waste water at a dilution of 12.8%, 50%, 75% and 100% respectively.
Approximately 200 mL of the mixed Lake Colac and MasterFoods Cell 5 water was 
added to twenty-five (70 mm x 1250 mm) glass containers. An aquarium pump attached 
to air hoses aided aeration with small pieces of sponge inserted into the ends of the air 
hoses to obtain gentle bubbling. 
Live B. triaticulata were gently poured into a glass Petri dish and observed under a high 
power dissection microscope. A plastic pipette aided in the retrieval of copepods from 
the Petri dish, which were placed into small entomology vials for ease in transporting.
Each vial being a sample of each replicate for the five treatments. The number of 
copepods retrieved for each sample was between 10 -30 individuals. Although
unorthodox, was an approach to eliminate the chance of losing large numbers of 
organisms during transport to the treatment containers. Previous attempts using only ten 
copepods per replicate failed to find ten individuals at the end of the experiment. In 
static tests 10 individuals are commonly used (Fort and Stover; 1995), where as some 
researchers count missing animals as dead, so the question remains on how a missing 
animal can be representative of toxicity in a treatment. It was under this premise that an
unbiased random collection of copepods (>10) were made for most of the following 
ecotoxicology tests. The design of most toxicology experiments comprises of equal 
experimental units per treatment; however, some experimenters believe that the more 
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experimental units you have in a toxic treatment increases the ability to compensate for 
the death or loss of animals. By doing this the treatments are biased upward leaving only 
the hardier experimental individuals while the control has a range of hardy and non-
hardy individuals (Rand; 1995). This is not recommended, as it leads to unequal sample 
sizes and the interpretation of data needs to be treated with caution. Since the hardier 
copepods were of special interest due to the high toxicity of the MasterFoods wetland 
water, the method of testing random population sizes was biased to the hardier 
individuals, thus was implemented in this research.
B. triaticulata were added to glass experimental units set up in the climate control room
(Plate 23; Appendix A). The temperature was set at 15º C with diurnal periods of 8 hrs 
dark and 16 hrs light.
At completion of each 48hr bioassay, living and non-living copepods were counted and 
percentages were calculated from the total number of individuals in each replicate for 
each treatment and the number living in each replicate per treatment.
Calcium chloride was weighed out on an electronic balance at concentrations of 200,
400, 600, 800 and 1000 mg and each concentration was added to 1L of 45 μm filtered 
Cell 5 water. The solution was mixed for 30 minutes with the aid of a magnetic stirrer;
B. triaticulata was added to each replicate per treatment, as per method in Section 3.2.5.
Bioassays examining the toxicity of Caramel, MMM and a mixture of both untreated 
effluents mixed with Lake Colac water (diluent) to copepods was devised, Five 
replicates of five treatments of effluent concentrations of 0, 25, 50, 75 and 100% were 
modeled. The increased ratio of 25% dilution from 12.8% (as in the previous test) was 
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chosen to produce a greater effect on copepod endpoints (48hr survival) by lessening the 
survival of non-hardy individuals in this treatment.
Lake Colac water (diluent) was collected in 20 L containers on the 28th of February 2007 
and stored with aeration in the climate control room before use. Untreated effluent was 
collected in 20 L containers directly from the factory output pipes on the 6th of March 
2007. Both caramel and MMM waste water were filtered as per method in Section 3.2.3.
Three experiments were conducted investigating the survival of B. triaticulata to 
increasing concentrations of MgOH added to untreated water collected before it had 
entered the treatment (UASB) system. Magnesium hydroxide was weighed out on an
electronic balance at concentrations of 200, 400, 600, 800 and 1000 mg and added to 1L 
stock solution of untreated water for each of the treatments. The solution was mixed for 
30 minutes with the aid of a magnetic stirrer before being poured into six 70 mm x 1250
mm glasses at a volume of 200 mL for each treatment. 
Separate bioassays involving the addition of magnesium chloride and magnesium 
sulphate to Lake Colac water were set up to investigate the tolerance of copepods to 
elevated levels of magnesium. Lake Colac water collected on 18th July 2007 was filtered 
and tests were designed to establish whether magnesium was causing a toxic effect on B. 
triaticulata. Since the MasterFoods cell water has magnesium concentrations of 
approximately 800 mg/L at pH 9, the addition of MgCl and MgSO42- to Lake Colac 
water in separate experiments, was designed to have magnesium concentrations greater 
than that of the wetland to determine survival at pH 7 and pH 8 (within the limits of 
copepod tolerance). Each magnesium test concentration was prepared by diluting a 
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working stock solution of 6.683 g/L at and 8.345 g/L of MgCl and 8.105 g/L and 10.131
g/L of Mg SO42- to Lake Colac water.
The pH was adjusted with 0.01% sodium hydroxide at the start of each test to pH 7 and 
pH 8 for the two treatments for each test. Enumeration of copepod survival per 
treatments was the same for all experiments and conductivity and pH were measured 
before and after each experiment. 
3.2.6 Bioassay enpoints and statistical analysis
Variation in sensitivity between and within replicates per treatment was assessed using 
one-way analysis of variance (ANOVA). Differences in survival/mortality between 
treatments was analysed using the Kruskal Wallis chi-square test where raw data did not 
conform to parametric assumptions. Games-Howell multiple comparisons post hoc test.
Procedure was applied on percentage data as it does not assume equal variance when 
sample sizes are unequal, although less robust.
The NOEC for each end point was defined as the highest exposure concentration at 
which the end point was not significantly decreased relative to controls, and the LOEC 
was determined as the lowest concentration above the NOEC (Besser , Wang et al.;
2005). Chronic values (ChVs) defined by (Stephan, Mount et al.; 1985), were estimated 
as the geometric means of the LOEC and NOEC values. Although some NOEC, LOEC, 
(ChVs) in this study could not be obtained through way of hypothesis testing, some 
researchers indicated that the most similar toxic effect endpoint estimates were EC1 & 
NOEC, EC10 & ChV, and EC20 & LOEC (Arnold and Jeffrey; 2008; Wang, Yan et al.;
2009).
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Raw data that was found to be non-normal was Log (x+1) transformed. Maximum-
Likelihood estimates (probit, Logit, Weible, Angler), analysis for dose response curves
were applied when data did not conform to either estimate. For raw data that was found 
to have unequal variances. The Heteroscedastic t-test was used to indicate significant 
differences between the control or lowest value to treatments and Williams test was used 
to find multiple dosage responses to the control or lowest value (pH or concentration).
Where the maximum-likelihood required data sets that had less than two or more partial 
responses the Linear Interpolation model was used to find Incipient Concentration (ICp).
The Trimmed Spearman Karber model was used as a non-parametric estimator of 
concentrations expected to produce a toxicological response to 50% of the population.
Statements of significance are based on P<0.05. All statistical tests were performed 
using SPSS version 17 and TOXCALC (Toxicity Data Analysis Software) for EC50 and 
ICp dose -response analyses (Tables 25 to 43; Appendix C).
3.3 Results and discussion
3.3.1 Toxicity results for 45 μm, 0.45 μm and 0.22 μm filtered waste water
Filtering MasterFoods Cell 5 water through 45 μm filter paper to remove some algae and 
other particulate matter showed decreases in survival (Figure 3-6). From a 50% mix of
Cell 5 water and Lake Colac water the total mean percent survival was 57.70 ± 14.77 %
(Table 1; Appendix C). There was no survival at concentrations of 75% and 100% Cell 5 
water. The Kruskal-Wallis test revealed significant differences in total mean percentage 
survival between treatments (H=36.120, d.f=7, p<0.001). Games-Howell Post-hoc
revealed significant differences between the control (diluent) and concentrations of 75% 
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and 100% Cell 5 water, however, there were no differences in copepod survival between
the 12.8% and 50% Cell 5 water concentration and between other treatments.
Cell 5 water, filtered through 0.45 μm filter paper showed a similar decrease in total 
mean percentage survival of B. triaticulata (Table 1; Appendix C). The Kruskal-Wallis 
test revealed significant differences in total mean percentage survival between 
treatments (H=36.92, d.f=11, p<0.001). Games-Howell Post hoc analysis indicated 
differences in survival between treatments with survival in the control (Lake Colac 
water) significantly different from the 75% and 100% Cell 5 water. Survival at a 
concentration of 12.8% was no different to the control (diluent) and concentration of 
50% Cell 5 water. There was no difference between in survival at a concentration of
50% with a mean percentage survival of 52.70 ± 13.85 in Cell 5 water at greater 
dilutions. Only one individual was found alive in the 75% Cell 5 dilution. 
MasterFoods Cell 5 water filtered through 0.22 μm paper to remove the most minuscule 
of algae and particulate matter showed better survival than Cell 5 water filtered through 
45 μm and 0.45 μm filter paper. The Kruskal-Wallis test revealed significant differences 
in total mean percentage survival between treatments (H=49.360, d.f=10, p<0.001). Post 
hoc (Games –Howell) analysis indicated differences in total mean percentage survival 
between the control, 12.8%, 50%, and 75% Cell 5 water concentration compared to the 
100% Cell 5 water concentration (Figure 3-4 and Table 1; Appendix C). No differences 
in total mean percentage survival of 49.09 ± 46.16%, 48.53 ± 8.97% and 66.87 ± 8.24% 
was assumed in Cell 5 water filtered through 45 μm, 0.45 μm and 0.22 μm filtered 
papers respectively, according to the Games-Howell multiple comparisons post-hoc test 
(Table 1; Appendix C). Effluent discharged into the wetland system be toxic to potential 
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zooplankton grazers. Currently, zooplankton mortality in the MasterFoods wetland water 
is high, with a significant decline in survival of around a 50% dilution of wetland water.
Survival increased, when water was filtered through 0.22 μm paper, as the NOEC mean
percent survival of 86.54 ± 8.48% and LOEC mean survival of 49.91 ± 14.76%. of 
diluted 50% Cell 5 water (%). This was significantly greater (Table 3-9) than the larger 
filter sizes. Probit analysis revealed a 50% survival of B. triaticulata with an EC50 of 
68.68% Cell 5 water, compared to EC50 of 50.65% (45 μm filters) and am EC50 of
52.9% (0.45 μm filters) from the larger filter paper sizes. Results obtained from tests 
involving filtering Cell 5 water through filter paper with small pore sizes (recommended 
by Skinner (2004) appeared to increase survival. These tests also confirm results from 
Skinner (2004), that a >50% dilution of Cell 5 water have a better effect on survival in 
B. triaticulata above 50%. However, the toxicity is far too high for survival in the 
MasterFoods wetland system and the amount of water needed to dilute water in the 
wetland cells to this extent is doubtful (Raw data in Tables 25, 26 and 27; Appendix C).
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3.4 Calcium chloride addition to MasterFoods Cell 5 wetland water 
Kruskal-Wallis test assumed that there were no significant differences in survival of 
copepods between treatments (H=20, df=24, p=0.697) (Figure 3-5)., however Games-
Howell post hoc test revealed significant increase in mean percentage survival of 67.47 
± 11.64% in the 1000 mg/L of CaCl treatment (Table 2; Appendix C). An R2 of 0.95 
indicates a positive relationship with survival and an increase in calcium chloride 
concentration in Cell 5 water.
Results for the second experiment assumed no differences in survival between 
treatments (H=13.333, df =25, p=0.972). Further analysis using Games-Howell post hoc
test indicated no differences between the control (Cell 5 water), 200 mg/L and 400
mg/L of CaCl treatments, with a mean percentage survival of 0, 14.31 ± 6.9% and 32.38 
± 9.43% respectively (Table 2; Appendix C). However, significant differences were 
observed with an increase in CaCl concentration in Cell 5 water, which significantly 
decreases mortality between 600 mg/L 800 mg/L and 1000 mg/L of CaCl added to Cell 
5 water. Regression analysis indicated a positive relationship between survival and 
increasing calcium chloride concentration with an R2 of 0.958 and a total mean 
percentage survival of 86.35 ± 2.61% (Figure 3-7). 
A NOEC of 2550 mg/L and a LOEC of 4600 mg/L of chloride indicates that an increase 
in chloride concentrations increases the survival in copepods exposed to Cell 5 water.  
The probit prediction EC50 of 2523.3 mg/L of chloride with an IC50 greater at 2859.3
mg/L of chloride indicates that calcium chloride addition to Cell 5 water at 800 mg/L 
and !000 mg/L or even higher will facilitate survival in B. triaticulata.
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Survival in B. triaticulata in the second test showed decreased mortality in lower 
chloride concentrations than the first test (Table 3-11). The NOEC was 1600 mg/L with 
a LOEC of 2550 mg/L of chloride. An IC50 of 1864.37 mg/L of chloride was lower than 
that of the predicted EC50 of 1818.05 mg/L of chloride. The mean percentage survival 
between these two predictions lie between the 600 mg/L and 800 mg/L chloride addition 
(Table 3-10) to Cell 5 water at 68.73 ± 4.14% and 72.69 ± 9.87% (Table 2; Appendix 
C). 
The decrease in carbonate concentration due to the addition of CaCl to Cell 5 water was 
evident in both experiments by having a positive effect on copepod survival. The NOEC, 
LOEC, ChV and EC50 prediction was greater in the second experiment when compared 
to the first, where by the IC50 of 582.24 mg/L predicted mortality to be higher than the 
EC50 of 312.31 mg/L of carbonate. Mortality was much higher than the second test with 
an IC50 of 86.66 mg/L and EC50 of 1368.13 mg/L of carbonate and was due to a greater
number of individual copepods added to the replicates. The pH in the control (Cell 5 
water) in the first test was found to have a mean pH of 8.863 and decreased to a mean to 
a mean pH of 8.152 in the 1000 mg/L of CaCl treatment (Table 3; Appendix C). The 
second test had a larger number of copepods added at higher concentrations of calcium 
chloride. The pH in the second experiment had a mean pH of 9.123 in the control, which 
decreased to a mean pH of 8.628 in the 1000 mg/L CaCl treatment. Conductivity in the 
first experiment increased significantly from a mean of 4 ppt in the control to 7.22 ppt in 
the 1000 mg/L CaCl treatment. The conductivity in the second experiment also 
increased, from 4.7 ppt in the control to 9.61 ppt in the 1000 mg/L CaCl treatment. 
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As magnesium has been the suspected divalent cation ion to affect copepod mortality, 
the magnesium concentrations remained relatively constant at 1000 mg/L (Table 3-10). 
The levels of magnesium in the MasterFoods wetland are well below this concentration
most times (Table 3-1), although the concentration in the controls (Cell 5 water) during 
these experiments was approximately 1050 mg/L.
The increased survival of B. triaticulata in treatments with increasing concentrations of 
calcium chloride is due to a number of factors. The precipitation of carbonate reduces
pH and the increases the chloride concentration, which favors osmoregulatory 
mechanisms in crustaceans. Zooplankton communities in hyposaline lakes are distinct 
among calcium rich waters dominated by chloride anions and alkaline hypereutrophic 
SO4-/HCO3 dominated waters. In a study by Derry and Prepas et al (2003), the most 
abundant zooplankton found in hyposaline lakes with SO42-/HCO3- dominated water 
consisted mainly of the calanoid copepods Leptodiaptomus sicilis and Daiptomus 
nevadensis and the cladoceran Daphnia similis (Derry, Prepas et al.; 2003). They had 
also found that rotifer and crustacean species were mostly abundant in the more dilute 
subsaline lakes. The Rotifer species Lophocharis salpina, Keratella quandrata, and 
Notholca acuminate demonstrated tolerance to low and intermeadiate concentrations of 
chloride with a concentration of 5672 mg/L. Other studies in the past have indicated 
distinct anion preferences within the ostracod genus Limnocythere among carbonate, 
sulphate, and chloride dominated waters (Derry, Prepas et al.; 2003; Forester; 1986).
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Table  3-11 The addition of calcium chloride to MasterFoods Cell 5 waste water. No 
Observed Effect Concentration (NOEC), Lowest Observed Effect Concentration 
(LOEC) and Effect Concentration (EC50).
Test (1) 
Chloride 
(mg/L)
Test (2)
Chloride 
(mg/L)
Test (1)
Carbonate
(mg/L)
Test (2)
Carbonate
(mg/L)
NOEC 2550 1600 680 1950
LOEC 4600 2550 20 1400
IC(50) 2859.84 1818.05 580.24 86.66
Probit (EC50) 2523.3 1864.37 312.381 1368.13
Spearman-Karber (EC50) 2576.03 1928.93 370.26 1101.89
Chronic Values 3424.1 1811.08 116.6 1652.2
3.5 Untreated waste water pilot test
Experiments with Lake Colac water mixed with untreated waste water obtained directly 
from the MasterFoods factory pipes before entering the treatments facility, had a total 
mean survival of around 90% in 100% untreated effluent (Table 3-12). Remember that 
the water from the factory had residual magnesium hydroxide in it with an approximate 
concentration of 400 mg/L (Table 3-13). 
The pH of the untreated water in this sample was a pH of 8.1 and conductivity was 2.63 
ppt at a temperature of 16º C, indicating that the parameters were in the optimum range 
for copepod survival. Mortality of copepods in replicates with a 50% dilution may be 
due to unhealthy individuals.
The log transformed data was found to have a non-normal distribution using Shapiro-
Wilks test and Bartlett’s test indicated unequal variances (p<0.001). Williams test 
indicated a NOEC of 100% untreated waste water and a LOEC of >100% untreated 
effluent (F=4, 20, P=0.222). Regression analysis indicated that there was no relationship 
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in survival of B. triaticulata in increasing concentrations of untreated effluent (%) with 
an R2 of 0.002 (Figure 3-8). 
Table 3-12 Total mean survival and standard error of B. triaticulata exposed to 
untreated effluent mixed with Lake Colac water (%)
Concentration Untreated Water (%) Total Mean survival (SEM)
0
25
50
75
100
9.4 ± 0.25
8.2 ± 0.97
6 ± 1.34
9 ± 0.32
8.8 ± 0.74
Table 3-13. Table of anion and cation concentrations (mg/L) from untreated 
effluent obtained directly from the MasterFoods factory.  Water was used in 
ecotoxicology studies. Analysis made by NATA accredited Water Quality 
Laboratory at Deakin University, Warrnambool
Water Quality Laboratory Data
Date:- 13/4/06          Untreated Water
Parameter (mg/L)
Sodium 170
Potassium 20
Calcium 35
Magnesium 400
Chloride 200
Sulfate 2
Bicarbonate 840
Figure 3-8 Total mean survival of B. triaticulata in untreated waste direct from the 
factory pipes
y = -0.0016x + 8.36
R2 = 0.0022
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3.5.1 Caramel, MMM and both combined waste waste water water tests
The nine experiments involving untreated Caramel, MMM and both combined Caramel 
and MMM diluted with Lake Colac water, showed definite decreases in survival of
copepods (Figure 3-9). No survival was found higher than a 50% mix of caramel waste 
water mixed with Lake Colac water (Table 4; Appendix C). No survival was observed 
in the MMM tests (Figure 3-10.) besides that of the control (Table 5; Appendix C). The 
total mean percent survival of copepods faired much better in the 25% combined 
effluent (Figure 3-11) diluted with Lake Colac water, however survival declined to zero 
in subsequent concentrations (Table 6; Appendix C).
Mortality increased significantly as the untreated effluent concentration increased. 
ANOVA indicated significant differences (Table 25; Appendix C) in survival of B. 
triaticulata between treatments of untreated caramel waste water mixed with Lake Colac
in the three successive tests (F 4, 20 =26.07, P<0.05) , (F 4, 20 = 41.52, P<0.05) and (F 4, 20 
=1790.22, P<0.05) respectively. There were also no significant difference (F2, 72=1.07, 
P<0.05) between the three tests. 
Games-Howell post hoc test revealed that there were significant differences in survival 
in the control, compared to the other dilutions (Table 4 Appendix C). Regression 
analysis indicated a strong negative relationship between survival and dilution in the 
three tests with an R2 of 0.6478, R 0.6958 and 0.7433 respectively (Figure 3-9). 
William’s test predicted a NOEC <25% with a dose-response LOEC of 25% dilution of
caramel waste water for all three experiments. .
There was no survival in any of the three MMM tests apart from the control (Figure 3-
10). ANOVA indicated significant differences (F 4, 20 =2588, P<0.05), (F 4, 20 =2401, 
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P<0.05) and (F 2, 72 =0.001) in survival between the control and other treatments in the 
three tests respectively (Table 25; Appendix C). Regression analysis indicated a strong 
negative relation ship between survival and MMM effluent concentration in the three 
tests with an R2 of 0.5, 0.5 and 0.05 respectively (Figure 3-8). Games-Howell post hoc
test revealed that there were significant differences in the three MMM experiments 
(Table 5; Appendix C). 
ANOVA reported significant differences in the second and third test (F 4, 20 =56.81, 
P<0.05) and (F 4, 20 =185.99, P<0.05) respectively (Table 25; Appendix C). ANOVA 
could not compute the first test so the Kruskal-Wallis model was used and it assumed 
that there was no significant differences in survival between treatments (H=1, df 1, 
P>0.001), although 100% survival was observed in the control and 25% concentration of 
combined effluent. ANOVA indicated that there was no significant difference in 
survival (F 2, 72 =0.18, P<0.05) between the three combined effluent tests. Games Howell 
Post-hoc test could not be calculated for the first test, however, assumed differences in 
survival between the control and higher concentrations in the second and third test 
(Table 6; Appendix C). Regression analysis indicated a strong negative relationship 
between survival and increasing effluent in the three experiments with an R2 of 0.75, 
0.66 and 0.76 respectively (Figure 3-9).
William’s Test indicated a LOEC of <25% in the MMM untreated waste water bioassay 
dilution. Untreated caramel effluent faired a little better with a LOEC of 25% and 50% 
dilution. Tests that combined both MMM and Caramel effluent had a similar result as 
caramel effluent tests with a LOEC of 50%. 
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The mortality of copepods in the untreated water from the nine tests reflects the pH 
levels in the effluent (pH 4). In both batches of untreated waste water, the acidity was
below the physiological threshold for which B. triaticulata could tolerate as shown in 
later tests in this research. . 
Water quality results on cation and anion shows that the caramel effluent contained 
calcium concentrations of 440 mg/L compared to only 65 mg/L in MMM effluent and 
magnesium was also found to be higher in the caramel effluent than the MMM with a 
concentration of 340 mg/L compared to 50 mg/L respectively. Potassium was slightly 
elevated in the caramel effluent and sulphate was nearly double in the MMM effluent 
(Table 3-14).
Table 3-14 Anion and cation concentrations (mg/L) from untreated MMM and 
caramel effluent. Analysis made by NATA accredited Water Quality Laboratory 
Deakin University Warrnambool.
Water Quality Laboratory Data
Date:- 07/03/07                           Untreated Effluent (mg/L)
Parameter MMM Caramel
Sodium 130 170
Potassium 14 42
Calcium 65 440
Magnesium 50 340
Chloride 250 280
Sulfate 85 45
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3.6 Magnesium hydroxide addition to untreated effluent. 
The next series of tests exposed B. triaticulata to untreated effluent collected before it 
had past through the treatment plant. The bioassays examined the survival of B. 
triaticulata at increasing concentrations of magnesium hydroxide added to the untreated 
effluent solutions.
The survival of copepods increased significantly, as the concentration of MgOH 
increased (Figure 3-12). Kruskal-Wallis test assumed that there were differences in 
survival between treatments in the three successive bioassays (H=117, df=8, 
p=0<0.001), (H=120.333, df=10, P<0.001) and (H=105.2, df=11, P<0.001) respectively. 
Games-Howell post hoc multiple comparison test, indicated that there were significant 
differences in survival between treatments for all three tests and there was no difference 
in survival between the three bioassays (Table 7; Appendix C), with mean percentage 
survival of 17.42 ± 5.90%, 23.04 ± 6.57% and 25.57 ± 6.73% for the three tests at higher 
concentrations of MgOH respectively. 
Regression analysis indicated a positive relationship in survival with increasing Mg 
concentration in the three experiments with an R2 0.416, 0.468 and 0.494 respectively.
For the three bioassays, the total means for magnesium concentration and pH as 
predicted by the mean NOEC of 233 mg/L and LOEC of 250 mg/L of magnesium. A 
predicted mean IC50 of 243.15 mg/L of magnesium was lower than the probit EC50 of 
254.34 mg/L of magnesium (Table 3-15) indicated that the addition of MgOH increases
survival of copepods in untreated effluent.
187
Adequate stirring of the solution during preparation of treatments resulted in a cloudy 
appearance as not all of the MgOH had dissolved in the higher concentrations. This did 
not appear to effect survival at higher MgOH concentrations treatments. 
Before the addition of magnesium hydroxide to the treatments, the pH of the untreated 
effluent was pH 3.34 (Table 9 and 10; Appendix C). This increased significantly to a pH 
of 8.345 in the 1000 mg/L MgOH treatment. The solution was left to sit for a short time 
before the beginning of the experiment and the pH reduced to a total mean pH of 7.9
between the three experiments in this treatment. The total mean pH of the three 
experiments in the 1000 mg/L MgOH was a pH of 7.72, with a total mean conductivity 
of 2.51 ppt).
The magnesium concentrations analyzed after the completion of the tests (Table 8; 
Appendix C) were significantly lower (<270 mg/L of Mg) in the treatments compared to 
Cell 5 wetland water (>750 mg/L of Mg), so the toxicity of magnesium is difficult to 
satisfy the notion that magnesium at these concentrations effect survival and if anything 
decreases mortality.  However, the increase in pH due to increasing concentrations of 
magnesium hydroxide is more likely to reduce mortality of B. triaticulata in untreated 
effluent.
.
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Table 3-16 Magnesium hydroxide addition (mg/L) to Cell 5 water investigating 
increase in survival of B. triaticulata to pH. No Observed Effect Concentration 
(NOEC), Lowest Observed Effect Concentration (LOEC) and Effect Concentration 
(EC50) and their Means
Dose/Response MgOH (1)
pH
MgOH (2)
pH
MgOH (3)
pH
Mean
NOEC 7.46 6.73 7.44 7.21
LOEC 7.78 7.79 7.84 7.8
Probit (EC50) 7.59 7.68 N/A 7.64
Logit (EC50) N/A N/A 7.78 7.78
IC(50) 7.6 7.59 7.74 7.74
Spearman-Karber (EC50) 7.59 7.49 7.73 7.6
Weiball (EC50) N/A N/A N/A N/A
Chroniv Values (LC50) 7.61 7.19 7.63 7.47
3.7 Exposing B. triaticulata to acidic conditions
Five experiments exposing B. triaticulata to acidic conditions to increasing pH were 
prepared by decreasing Lake Colac water pH with hydrogen chloride.  Kruskal-Wallis 
test assumed no significant differences in survival in the first (H=10, df =11 P>0.001), 
second and third (H=8.6, df=10, p>0.001) experiment, however did indicate a significant 
difference in survival in the forth (H=36, df =9, P<0.001) and fifth (H=36, df =9,
P<0.001) bioassay (Figure 3-13). ANOVA found that survival due to pH was different 
between the five experiments (F 3, 16=3.36, P<0.05) (Table 25; Appendix C).
Games-Howell post hoc test revealed that total mean survival with decreasing pH in the 
first three tests were significantly different from the last two (Table 11: Appendix C).
Regression analysis indicated a positive relationship in survival with increasing pH to an 
approximate mean pH of 8.5 (Control) in all experiments with an R2 of 0.68, 0.79, 0.71,
0.83 and 0.81 respectively. The predicted NOEC of the five tests showed a mean pH 
190
5.05 and LOEC of pH 5.87 (Table 3-17). The incipient concentration (IC50) predicted a
LC50 mean pH of 4.84, which was lower than what was previously predicted by other
EC50 models (Table 3-17). Not all test data could be computed for a particular statistical 
model (N/A). B. triaticulata appear to have a low survival tolerance to a pH lower than 
pH 5, the EC50 models predicated a 50% mortality of approximately pH 4.9, however 
the trimmed Spearman-Karber model predicted a higher EC50 of pH 5.73.
Table 3-17 Hydrogen chloride addition to Lake Colac water investigating survival 
of B. triaticulata to Acidity. No Observed Effect Concentration (NOEC), Lowest 
Observed Effect Concentration (LOEC) and Effect Concentration (EC50) and their 
Means. (N/A) Not available.
Dose/Response pH (1) pH (2) pH(3) pH(4) pH(5) Mean
NOEC <5.9 <5.4 <5.6 4.18 4.19 5.05
LOEC 5.9 5.4 5.6 6.2 6.25 5.87
Probit (EC50) 4.009 N/A 4.6 6.24 N/A 4.94
Logit(EC50) 4.09 3.97 4.57 6.19 5.72 4.9
IC50 (LC50) 4.29 4.08 4.47 5.77 5.61 4.84
Spearman-Karber 
(EC50)
N/A N/A N/A 5.83 5.63 5.73
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3.8 Exposing B. triaticulata to alkaline conditions
The next set of experiments involved the exposure of B. triaticulata to alkaline 
conditions with pH adjusted Lake Colac water with Sodium hydroxide. ANOVA 
indicated significant differences in survival between treatments with increasing pH in 
the three bioassays (F 4, 20 3156, P<0.05), (F 4, 20 36.861, P<0.05) (F 4, 20 549.333, 
P<0.05) respectively (Table 25; Appendix C). Regression analysis indicated a strong 
negative relationship in mean survival with increasing alkalinity from a mean pH 8.33
(control) to a mean pH of 11.25 in the three experiments.  Regression analysis for all 
three tests exhibited an R2 of 0.84, 0.92 and 0.93 respectively (Figure 3-14). Games-
Howell post- hoc test revealed significant differences in mean survival between 
treatments (Table 15; Appendix C). Probit analysis was unable to be performed on the 
first test because there was a need to have more that two or more partial responses.
William’s dose response test indicated a NOEC at a mean pH of 9.08 and a LOEC at a
mean pH of 9.73 (Table 3-18). 
Tests involving the increase in pH in Lake Colac water have shown that B. triaticulata
could tolerate the pH range between pH 6.5 and pH 9.6. An EC10, where only 10% of 
the population would die in the acidity tests, is approximately pH 7.
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3.9 Magnesium chloride addition to Lake Colac water 
The next series of tests involved the addition of magnesium chloride to Lake Colac 
water to observe survival in B. triaticulata to two elevated concentrations of Mg at two 
pH levels. ANOVA indicated there were significant differences in survival P<0.05) 
between treatments in the three tests at an initial pH 7 (F 2, 12=23.39, P<0.05), (F 2, 
12=5.34, P<0.05) and (F 2, 12=14.05, P<0.05) respectively. Treatments adjusted to an 
initial pH 8 also exhibited significant declines in total mean survival between treatments 
(F 2, 12=57.88, P<0.05), (F 2, 12=30.20, P<0.05) respectively.  Significant differences in
survival between all three tests were found at both pH 7 (F 2, 42=13.843, P<0.05) and pH 
8 (F 2, 42=44.341, P<0.05) (Table 25; Appendix C). The Student –Newman Keuls Test
assumed significant differences in total mean survival between treatments between in all 
three tests at pH 7 and pH 8 and also indicated that there were no differences in survival
tests at both pH levels (Table 16; Appendix C). Regression analysis indicated a strong 
negative relationship in survival with an increase in MgCl concentration between tests 
adjusted to pH 7 with an R2 of 0.842, 0.97 and 0.97 respectively and at pH 8 regression 
exhibited a weaker correlation in survival with an R2 of 0.45, 0.49 and 0.55 respectively
(Figure 3-15). The pH and conductivity increased over the 48hr test period in both 
adjusted pH 7 and pH 8 treatments (Table 17; Appendix C). 
Total mean percentage survival of 53.25 ± 6.36% was lower at a pH 7 compared to 
91.89 ± 1.79 at pH 8 in the 8.354 g/L of MgCl added to Lake Colac water. The sharper 
decline in survival at pH7 also shows greater survival at higher concentration of MgCl 
that may indicate solubility of other substances.
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3.10 Magnesium sulfate addition to Lake Colac water
Experiments involved the survival of B. triaticulata to two elevated concentrations of 
magnesium by the addition of magnesium sulphate to Lake Colac water at two pH 
levels. ANOVA found that there were no significant t differences between total mean 
survival between treatments with elevated Mg concentration in all three tests at pH 7 (F
2, 12=5.36, P<0.05), (F 2, 12=23.43, P<0.05) and (F 2, 12=13.06, P<0.05) respectively. 
However, at pH 8 there was a small significant difference in survival between treatments 
in the first and second test (F 2, 12=3.76, P>0.05), (F 2, 12=7.83, P>0.05) (Table 25; 
Appendix C) compared to no significant difference in survival between treatments in the 
third test (F 2, 12=7.38, P<0.05). ANOVA indicated that there was no significant 
difference between the three bioassay at both pH 7 (F 2, 42=13.843, P<0.05) and pH 8 (F
2, 42=7.642, P<0.05).
Regression analysis indicated a strong negative relationship in survival between 
treatments in the three test at pH 7with an R2 0.58, 0.71 and 0.52 respectively compared 
to a weaker negative relationship between elevated Mg at pH 8 with an R2 of 0.811, 0.87 
and 0.90 (Figure 3-16).
Adjusting the pH of a solution can affect the toxicity of the test substance due to the
ionization of metals. Researchers focus on controlling pH fluctuations by using buffers, 
however the buffering capacity of Lake Colac water was stronger and harder to predict. 
The dissolved cations calcium and magnesium (primarily responsible for water 
hardness) can affect the toxicity of various pollutants, especially metals (Rand 1995), as 
they become more available at lower pH.
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3.11 Copepod exposure to Blue Food Color 133
Since the beginning of the project, the MasterFoods wetland water had an unusual blue 
color was assumed to be a food dye used in the manufacturing of confectionary like 
MMM and Skittles.  Blue food color 133 was obtained from the local supermarket and is 
used extensively in the confectionary food processing industry. Plate 24 in Appendix A, 
gives an example of the color of untreated effluent and Cell 5 water filtered through 45
μm filter paper. Due to the blue residual color in the wetland test were performed to 
investigate whether blue food dye is responsible for absence and mortality of copepods
in the wetland. The calanoid copepod B. triaticulata was exposed to increasing blue food
color 133 concentrations (μl/L) diluted to Hopkins River water.
3.12 Methods and preparation for dye testing
Untreated effluent and Cell 5 water were filtered through 0.22 μm Whatmann filter 
paper before extraction using 5 ml Millex GP sterile syringe. The Millex filter with Male 
Luer slip outlet was placed onto the syringe and the plunger was pushed do deliver the 
filtered solution into 50 mL sterile plastic bottles. A new syringe and filter unit was used 
for each sample and approximately 40 mL of filtered solution was delivered to each 
sample bottle. Exactly 5 mL of Milli Q water was used to wash the syringe before 
extraction of each delivery to the sample. Mass spectrophotometry was performed at 
Deakin University, Geelong campus on each sample to attain absorbance values (Figure 
3-16) (Mondon and Howitt, unpublished).
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3.12.1 Copepod collection 
Calanoid copepods were collected from the Hopkins Falls area on the 24.6.09 due to 
lack of water in Lake Colac because of evaporation from the drought. Treatments were 
set up according to earlier tests with only ten individuals added to each of the five 
replicates for each the six treatments. Water was filtered through 45μm filter paper and 
an automated pipette was used to deliver an aliquot of 3.125 μl/L, 6.25 μl/L, 12.5 μl/L, 
25 μl/L and 50 μl/L for each of the six treatments. The 48hr test was repeated three 
times. 
The final test was conducted on the 28.12.09 to 30.12.09 with B. triaticulata collected 
from Lake Colac on the 24.12.09. The blue food color 133 was delivered to each 
treatment at concentrations of 50 μl/L, 100 μl/L, 150 μl/L, 200 μl/L and 500 μl/L of 
stock solution. Ten individual copepods were added to each of the five replicates within 
each of the six treatments including the control. Plastic wrap was used to cover the glass 
250 mL glass containers to reduce evaporation from the air blowing in to keep the room 
at a constant temperature.  Each test was run for 48 hrs at 16º C with light periods of
12hrs and 8 hrs of dark. 
3.12.2 Statistical analysis
One way analysis of variance (ANOVA) was used to detect significant differences in 
survival within and between treatments and Student-Newmann-Keuls non-parametric 
post hoc test was used to detect which treatments are significantly different and to 
deviate from committing a Type 2 error. 
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3.13 Results and discussion
On examination of absorbance values from untreated water and Cell 5, water it appears a 
blue color remains in the wetland. The peak in absorbance is found at an absorbance of 
600 nm in the blue food color can be compared to Cell 1 and Cell 5 results, where there 
appears to be small absorbance peaks in same spectrum (Figures 3.19). On basis of these 
results and earlier observations of the blue tinge to the MasterFoods wetland water and 
effluent that toxicity tests were set up to examine if the blue food dye was causing 
copepod mortality. On completion of the four tests, no significant differences in survival 
was observed between treatments (Figure 3-17 & 3-18) of increasing blue food dye 133
(F 5, 24=1.6, P<0.05), (F 5, 24=0.436, P<0.05), (F 5, 24=0.933, P<0.05) and (F 5, 24=1.043, 
P<0.05) respectively (Table 24; Appendix C). However, small decreases in survival 
were not large enough to attain any treatment effect of increased food color 
concentration (Tables 20 & 22; Appendix C). The deaths of some individuals may be 
due to poor health or experimental error. 
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3.13.1 Osmoregulation and survival of the Calanoid copepod Boeckella triaticulata
Effluent discharged into the wetland system is toxic to potential zooplankton grazers. 
Mortality in copepods exposed to MasterFoods wetland water is high, with a significant 
decline in survival of around a 50% dilution of wetland water. 
The survival of the crustacean B. triaticulata is a physiological one. The open circulation 
of invertebrates is where the blood leaves the vessels in the body and enters the 
haemocoel (the open fluid space between ectoderm and endoderm). The wall capillaries 
are permeable to water and small molecules of Na, Cl, Ca, CO2, NH4, O2, amino acids 
and glucose fatty acids. Molecules with a larger weight like proteins can not move from 
extracellular to intracellular spaces due to the gaps between endothelial cells. The large 
protein molecules that can not cross the capillary wall exert osmotic pressure forcing 
water and small molecules to move from the interstitial fluid into the capillary lumen. A 
paper focusing on the energetics of free amino acid metabolism in response to salinity 
changes in the marine copepod Tigoriopus californicus found that T. californicus adjusts 
its intracellular free amino acid content to regulate cell volume following osmotic stress 
(Goolish and Burton; 1989). The copepod A. tonsa, is a key species in the food web of 
estuaries and coastal waters around the world. To accomplish its ecological role, it must 
have a wide physiological plasticity. In fact, A. tonsa is eurythermal (14–29ƕ C) and 
euryhaline, living in waters from near freshwater to full strength seawater over 40 ppt 
(Bayly; 1969; Pedroso, Pinho et al.; 2007).  This copepod is an osmoconformer and is 
found in a wide range of salinities (5–33 ppt), maintaining the hemolymph osmolarity 
slightly hyperosmotic to the external medium over this range. In hypersaline conditions, 
A. tonsa performs hypo-regulation increasing its drinking rate and maintaining the 
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hemolymph sodium concentration against an electrochemical gradient. These osmotic 
adjustments are achieved by regulating both sodium and magnesium concentrations 
(Bayly; 1969).
3.13.2 Copepods and salinity
An investigation into the salinity tolerance of three species of intertidal herpacticoid 
copepods, Tigorriopus japonica, Tchidius brevicornis and Tisbe sp were reported from 
Japan, European coast, the Mediteranean, the Atlantic and the Pacific coast of North 
America, and sea, were tested for their response to salinities ranging from 0% to 210% 
TDS(Finney; 1979). Results concluded that at salinity of 90%, for T. japonica and 60% 
for the herpacticoid copepod T. brevicornis become dormant but could be reanimated 
again if placed in 30% seawater within 18 hours (Finney; 1979). The copepod Tisbe sp
dies shortly after an exposure to seawater of a salinity of 45%. Death was obvious in 
Tigorriopus japonica, Tchidius brevicornis at salinities of 150%. 
The naupilar, copepodite and adult stages of T. japonica withstood the salinities equally 
well, while it was found that egg sacs could tolerate five times the length of exposure of 
these stages (Finney; 1979). The duration of dormancy with successful revival, appeared
to be limited to the time before loss of vital water content of the tissues due to high 
osmotic pressure (Finney; 1979). The ability to enter dormancy in times of stress may 
have high survival value to some intertidal copepods (Finney; 1979). The fall into 
dormancy is similar to that state termed cryptobiosis. Any of the stages of the life cycle 
can enter a dormant state, but only the egg stage survives longer duration (Finney; 
1979). Although respiration was continued it was only a fraction of the respiratory rate 
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of the active animals (Finney; 1979). Death of copepods in their tests (within 18 hours) 
was not due to anoxia. Mortality from starvation was also unlikely since the lowered 
metabolic rate would reduce the need for food (Finney; 1979). No feeding was 
introduced to zooplankton in any of the 48 hr tests.
Heinle (1969) also concluded that the mortality of copepods was probably from the loss 
of vital water content (Heinle; 1969), for despite contraction of the body, there remain 
numerous exposed portions of the body covered only by thin chitin integument (Finney; 
1979). When the dormancy is induced by the immersion in 120% seawater, the 
osmoregulatory mechanisms may slow their efficiency because of the increased osmotic 
pressure (Finney; 1979). Loss of vital water content is partially supported by the 
observation that the copepods which die from prolonged immersion in high salinity 
seawater show marked contraction of the internal tissues (Finney; 1979).
3.13.3 MasterFood’s conservative ionic composition
The ionic composition in the MasterFoods wetland is conservative, as it does not follow 
ion composition of other natural water bodies in southwestern Victoria. Zalinzniak et al
(2006) reported that in their experiments testing the hypothesis that the proportions of 
ions Ca2+, Mg2+, SO24-, HCO3- and CO32-, may influence salinity tolerance of freshwater 
organisms and thus the effect of increasing salinity may vary with the difference in ionic 
composition. They found there were no differences between responses of invertebrates 
to various ionic compositions, however, in their prolonged sub-lethal tests; animals
reacted differently to ionic composition. They purported that the different responses of 
invertebrates to various ionic composition types in combination with sub-lethal range of 
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salinity ma be governed by deficiencies in calcium, the chemical interaction of harness 
cations, alkalinity and trace metal uptake and toxicity (Zalizniak, Kefford et al.; 2006).
Bayly (1969) hypothesized that the upper limit of salinity tolerance of freshwater 
animals is determined by the chloride content in blood and that the suppression of 
tolerance by a regime of bicarbonate might permit survival in higher than typical 
salinities (Nielsen, Brock et al.; 2003). This offers an explanation as to why many 
species of copepods have been found across broad salinity ranges in Australia (Nielsen, 
Brock et al.; 2003).
The MasterFoods wetland has low concentrations of calcium, with percent equivalencies 
of around 0.692% ad 1.02% in Cell 2 and Cell 4 respectively, compared to that of Lake 
Colac, which has been found to have a percent equivalent in the order of 9.7%. The 
proportion of chloride in the MasterFoods wetland is low, with percentage equivalencies 
of approximately 3.67% in Cell 2 and 4.37% in Cell 4, compared to Lake Colac, which
has been found to be around 82.8% (Tables 4-1, 4-2, 4-3 and 4-4 ‘Chapter 4’). Sulphate 
in the MasterFoods wetland exhibited percent equivalencies of 0.07% compared to Lake 
Colac with 1% sulphate. Studies from the interior plateau of British Columbia show 
strong relationships between invertebrate assemblages, pH and salinity (Bos, Cumming 
et al.; 1996). The relationship identified was not only highly related to the total salinity, 
but also to the ionic composition of the lake-water (Bos, Cumming et al.; 1996). Results 
from their research showed that both Artemia franciscana and Moina hutchinsoni
dominate saline waters. A. franciscana is more common in the meso-hypersaline waters 
that are high in Mg, Ca, sulphate and lower in pH, and M. hutchinsoni is common in 
meso- hypersaline waters that are low in Mg, Ca and high in pH (Bos, Cumming et al.; 
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1996).  At intermediate salinities, the calanoid copepods and Daphnia pulex were found 
to be abundant in waters with lower Mg and slightly higher pH levels (Bos, Cumming et 
al.; 1996), unlike the MasterFoods wetland, which exhibits high magnesium and high 
pH.
3.13.4 Toxicity of untreated effluent and pH in Boeckella triaticulata.
Untreated water is extremely toxic to B. triaticulata on its own however and is due to 
low pH. After magnesium hydroxide addition to the untreated effluent to test survival,
the pH increased along with decreased mortality in B. triaticulata. This copepod is 
extremely sensitive to moderately acidic and high alkaline conditions between pH 5 and 
pH 10. 
In Chapter 2, the pH increases from Zone A through to Zone I in Cell 2, 3 and 4 during 
summer periods (Table Figure 2a; Appendix B). With the increase in light, warm 
temperature increase in nutrients and algae primary production, the pH can increase 
significantly to levels beyond the ranges for copepod tolerance. When carbon dioxide in 
oxygenated sediments is released into the water column, the pH in the system should 
decrease. Free carbon dioxide exists in varying amounts in most natural water bodies,
however is bound to carbonate in the MasterFoods wetland system. Carbon dioxide in 
water yields an acidic condition when water and carbon dioxide yields carbonic acid 
(H2CO3). The dissociation of carbonic acid yields hydrogen and bicarbonate alkalinity. 
The pH value will drop as the concentration of carbon dioxide increases in the water,
and conversely the pH level will increase when CO2 is reduced in the water due to it 
binding as bicarbonate and alkalinity content increases.
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Water quality parameters such as hardness and alkalinity can influence the interactions 
of ions in ambient solution, where studies have shown to result in decreased copper 
toxicity in fish and cladocerans as a result of competition between the hardness metals 
calcium and magnesium (Zalizniak, Kefford et al.; 2006). Welsh et al and others showed 
that copper toxicity was lower in water containing proportionally more calcium (Welsh, 
Lipton et al.; 2000).
3.13.5 Toxicity of Cell 5 wetland water in Boeckella triaticulata
The increase in survival of B. triaticulata in tests with the addition of the calcium 
chloride to Cell 5 water can not exclude that the increase in chloride acted positively on 
the osmoregulatory mechanisms where by increases in calcium disrupt the carbonate-
bicarbonate complexes with magnesium (Table 3.10). 
The high concentration of magnesium ions in the water from Cell 5 will compete with 
calcium ions that are needed for the crustacean’s osmoregulatory systems. In animal 
muscle, calcium acts as a signal messenger between the chemical synapses in nerve cells 
and is a major component of the chitanous exoskeleton. The failure of calcium uptake by
the osmoregulatory mechanisms in crustaceans may account for the decline in survival 
of B. triaticulata and the assumption a higher affinity for uptake of magnesium ions 
rather than calcium. One use of magnesium in medical science is as an anesthetic and
used to block calcium in the synapse of nerve cells (calcium is a signal messenger in 
nerve cells), so adding more calcium ions to the test water would theoretically challenge 
magnesium ion competition. A biotic ligand model of acute metal toxicity by Di Torro et 
al (2001) was based on the idea that mortality occurs when the metal-biotic complex 
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reaches a critical concentration. It is hypothesized that a biotic ligand is either known or 
suspected to be the sodium or calcium channels in the gills of fish but also exists in other 
aquatic animals. The amount of metals that binds is determined by the competition for 
metal ions between the biotic ligand and other aqueous ligands, particularly dissolved 
organic matter and the competition for the biotic ligands between the toxic metal ion and 
other cations in solution (e.g. calcium and magnesium) (Di Toro, Allen et al.; 2001).
Metallothioneins are a family of proteins that bind heavy metals such as zinc, cadmium, 
mercury and copper. They are synthesized in response to heavy metal uptake within the 
body and bind the metal species making them less toxic (Mohlenberg and Jenson; 1980).
In all of the controls over metabolic pathways in plants and animals, there is always a 
calcium-dependant step. Calcium is not only central to the light harvesting and coupling 
in photosynthesis of oxygen but also controls the dehydrogenases in oxidative 
phosphorylation and a multitude of kinase reactions. Calcium also controls the 
mechanical stability of and membranes of cells and is used in the tension of filaments in 
muscle contraction (Frausto da Silva and Williams; 1991). As a rule given an equal 
concentrations of Mg2+ and Ca2+ the calcium salt will precipitate with all common 
highly charged anions such as SO42-, HPO42-, CO32- and organic anions such as 
dicarboxylates along with the common biological minerals silica, calcium carbonate, 
phosphate and oxalate. The solubility products are such that at pH=7 (lower for oxalate) 
the salts precipitate with a calcium concentration of about 5 x 10-3M and a given 
concentration of any of the anions HCO3-, HPO42- or oxalate in the range of 1-10x10-3
(Frausto da Silva and Williams; 1991). It must be noted that the precipitation reactions 
are sensitive to pH, temperature, pressure, proportion of ion concentrations and specific 
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ion effects from the presence of especially Mg2+, F-, and OH- to name a few (Frausto da 
Silva and Williams; 1991).
Bayly (1969) proposed that the ratio of (Na+ and K+)/ (Mg2+ and Ca2+) is important in 
determining toxicity and suggested that the monovalent ions are more toxic than divalent 
ions. Potassium levels are found to have a percentage equivalence as low 1.5% 
compared to Lake Colac being approximately 72% (Tables 3-2 and 3-4; Chapter 3)
(Archer; 2001; Sullivan; 2001; Skinner; 2004; Watts; 2005; Gervasi; 2008). .
B. triaticulata was observed to be able to tolerate Lake Colac water with increasing 
salinity as observed in the magnesium chloride and magnesium sulfate bioassays (Table 
3-17 and 19; Appendix C). Copepods have also been reported in other sulphate lakes. 
Chloride dominated waters that were investigated by Derry et al (2003) had relatively 
low total alkalinities (305 mg/L), and the reduced ratio of sulphate to chloride at higher 
salinities may have been a result of CaSO42- and HCO3- precipitation. Similar to 
Grosbeak Lake, the relatively low TP concentrations in all saline lakes with chloride 
dominated water (18-85 μg/L) likely resulted from phosphorous precipitation as calcium 
phosphate (Derry, Prepas et al.; 2003). In anoxic pore water environments with high 
levels of dissolved total carbon dioxide with the formation of Mg+2/CO3í complexes, 
significantly reduces the concentration of the free magnesium ion. A decrease in the 
Mg+2 activity results in desorption of magnesium from the solid surfaces due to the re-
equilibration of the adsorbed Mg+2 with the dissolved species. The effect of increasing 
carbonate complexation of Mg+2 in anoxic environments is initially compensated by the 
loss of sulphate. The MasterFoods wetland sulfate concentration had a percentage 
equivalence of approximately 7%. The survival of B. triaticulata in the MgCl tests may 
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also be a result of sulphate reduction combined with the increases in chloride (Table 3-
13), however sulphate concentrations increased in the MgSO42- tests (Table 3-14) and 
survival was greater at both pH levels compared to tests where magnesium chloride was 
added. The MgCl tests showed a reduction in sulphate with increased chloride and lower 
mean percentage survival than the latter.
3.13.6 Magnesium toxicity in Boeckella triaticulata
Magnesium concentration is not the single element responsible however in proportion to 
other ions in composition does cause a problem in the wetland, as it is possible than a 
number of chemical reactions acting at once makes, it difficult for the osmoregulatory 
mechanisms in the copepod to operate effectively. There are no toxicity guidelines for 
magnesium toxicity as it is believed to be an inert metal (ANZECC; 2000). Van Dam et 
al (2005) tested three species (Hydra viridissima, Chorella sp and Moinodaphina) and 
found that Mg toxicity was observed below 10 mg/L. Toxicity of Mg at IC50 
concentrations was greatly reduced when the Mg: Ca (mass) ratio was maintained at or 
below 9:1. When the MgSO42- toxicity to all six species was assessed at this Mg: Ca 
ratio, IC15/LC5 values for Mg ranged from 10-4300 mg/L and the concentration 
predicted to protect 99% of species increased to around 4 mg/L (Van Dam, McCullough 
et al.; 2005). The investigators had found that calcium had a marked ameliorating effect 
on magnesium toxicity. Hall (1981) has also investigated addition of detoxifying agents 
to bioassay test solutions to examine mechanisms for ameliorating toxicity (Hall; 1981).
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In general, magnesium is bound as magnesium carbonate so disrupting this complex by 
the addition of calcium will in turn, free magnesium, which dissolves into, or precipitate
out of solution as magnesium bicarbonate and magnesium phosphate.
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Chapter 4
4 The submerged macrophyte Ruppia polycarpa
The MasterFoods constructed wetland is totally void of submerged aquatic plants and 
attempts were made to introduce a salt tolerant submerged macrophyte into the system.
The submerged macrophyte Ruppia polycarpa from the Family Ruppiaceae (sometimes 
grouped with the Potamogetonacea) is one of the prominent genera of the euryhaline 
angiosperm flora of Australia and New Zealand. They are found to dominate many 
estuarine and inland saline habitats regenerate by the function of seed, turion and 
rhizome mechanisms. The variety of propagative mechanisms often accounts for habitat 
differences between species (Brock; 1983).
In specific, Ruppia polycarpa are found most often in brackish water or sea water and 
are fixed perennials, often perannating by buried turions each consisting of a swollen, 
starch filled internode enveloped by a leaf. The macrophytes are submerged except for 
the flowers which are brought to the surface at anthesis (Plate 36; Appendix A) but are 
retracted later (Duigan; 1992).
The genus Ruppia has four species which are R. megacarpa, R. polycarpa, R. maritime 
and R. tuberosa have been found to tolerate conditions ranging from freshwater to hyper 
salinity. The distribution of the submerged macrophyte Ruppia ranges from subtropical 
to temperate coastal regions (Vollebergh and Congdon; 1986). The type of reproductive 
pattern that has evolved in a particular species may be related to the accessory functions 
of seeds and turions as units of dispersal and perennation, and for seeds, as a source of 
genetic variability. An investigation by Brock (1983, analyzed the allocation of 
resources to various reproductive (sexual and asexual) and non-reproductive functions in 
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the life cycles of three species of Ruppia collected from the southeast of South Australia. 
Brock (1983) examined how each species has achieved a compromise between these 
functions in various habitats. By examining the three species of Ruppia polycarpa,
Ruppia tuberose and Ruppia megacarpa, Brock (1983) found that R. polycarpa and R. 
tuberose produce prolific numbers of asexual turions as well as seeds. Both seeds and 
turions survive desiccation and lie dormant for the dry phases (months to years) of their 
habitats and then germinate when their lakes fill. The germination of R. tuberosa in 
laboratory studies have been found to be stimulated by increasing salinity and seed coat 
breakage by wetting and drying (Brock; 1983). The submerged plant R. megacarpa is a 
perennial and grows in permanent waters and produces seeds each year but does not 
produce turions. The seeds of R. megacarpa lie dormant in the lake sediments forming 
persistent seed bank (Brock; 1983). The general similarities of total reproductive effort 
for R. tuberosa and R. polycarpa is that they differ in their division of reproductive parts 
into sexual (seeds) and asexual (turions) propagules (Brock; 1983). In R. tuberosa the 
total reproductive parts in the dry season was 11% seeds an 89% turions and in R. 
polycarpa 86% were seeds and 14% were turions (Brock; 1983). Species of Ruppia are 
one of the only angiosperms occurring in salinities greater than 4 ppt total dissolved 
solutes (%TDS). Species of Ruppia were the only plants recorded in salinities from fresh 
water with total dissolved salts of <3% to over 230% total dissolved salts (Brock; 1982).
To assist in the water quality process and assimilation of pollutants in the effluent from 
the MasterFoods wetland, a number microcosm experiments were set up testing the 
growth and survival of the submerged macrophyte Ruppia polycarpa. The potential for
R. polycarpa as a phyto-remediation tool would be beneficial to the water quality and 
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state of the MasterFoods constructed wetland. If the success in growth and survival of R. 
polycarpa in the microcosm experiments, then the submerged plant can be harvested and 
planted in pots to be placed in the deep sections of the MasterFoods constructed wetland 
(Figure 4.1). The survival of submerged macrophytes in the MasterFoods wetland 
system, may also facilitate the survival of micro-crustaceans, which will inadvertently 
aid in the bio remediation and (‘top-down’) of algal blooms and add oxygenation to the 
water column. The following experiments involves the exposure of some submerged 
macrophyte species to MasterFoods Cell water and sediment in a ploy-house experiment
and an on site mesocosom experiment. The experiments were just an observation of 
plant survival and what impact the plants may have on the physical and chemical 
features of MasterFoods wetland water and if are found to survive may lead the way to 
planting in the wetland cells.
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4.1 Methods
4.1.1 Experiment 1 Small scale pilot
A small-scale pilot study was conducted on January 25, 2006, exposing the submersed 
macrophytes Elodea canadensis and Potamogeton crispus to MasterFoods wetland 
water. The aquatic plant, E. canadensis is an introduced perennial found in most 
temperate irrigation channels and drains where it has become a problem in constructed 
waterways of northern Victoria and southwestern N.S.W. P.crispus is a native annual 
and perennial submerged macrophyte that is found in temperate and tropical slow 
moving water bodies, from coastal to inland waters in all mainland states in Australia. 
Both of these plants are regarded as a nuisance as they have the potential to obstruct 
water flow in irrigation systems and foul boat motors in recreational lakes. Although, 
MasterFoods only wants to introduce native plants into their constructed wetland 
system, this pilot study was to determine weather the plasticity of the more adaptable 
plant E. canadensis and the native P. crispus could withstand and survive MasterFoods
wetland water. 
The submerged macrophytes were collected from the Merri River weir located at the end 
of Moriss Road, North west of Warrnambool.  Using a rake the plants were retrieved 
from a depth of 2-metres by dragging the plants to the surface along with their root 
systems. Macrophytes were placed into four 32L plastic containers for transportation 
back to the Deakin University aquaculture compound. The Merri River water was also 
collected in two 40 liter water containers for transportation back to Deakin University.  
Before setting up the experiments, the poly-house roof was previously white washed to 
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prevent excessive temperatures from direct sunlight to the microcosms containing the 
submerged macrophytes.
Treatments were set up with two replicates. (1) E. canadensis planted in Cell 4 sediment 
exposed to Merri river water, (2) E. Canadensis planted in Cell 4 sediment and exposed 
to a 1:1 mix of MasterFoods Cell 4 water and Merri river water and (3) E. canadensis 
planted in Cell 4 sediment and exposed to 100% MasterFoods Cell 4 water. Sediment 
and water from Cell 4 was collected on the 30th November 2005 and was stored in the 
climate control room at 16ºC in the dark with aeration from an air stone before use in the 
pilot study (Plate 25 and 26; Appendix A).
Since the introduced E. canadensis can grow vegetatively 10cm lengths stems were cut
and pushed into the sediment. The plant P. crispus was cut into 20cm length while 
keeping the rhizomes attached and pushed into Cell 4 sediment of three 32L containers. 
A mixture of 50% MasterFoods Cell 4 water and 50% Merri River was added to three of 
the 32L containers holding P. crispus. No physical and chemical features were recorded
during this trial, as it was a small pilot to observe whether both of these plants could 
tolerate MasterFoods wetland water.
4.1.2 Experiment 2 Ruppia polycarpa poly-house microcosm experiment
A short study was set up to investigate whether or not R. polycarpa would survive in 
MasterFoods wetland water, and if so, weather R. polycarpa would facilitate the survival 
of the Lake Colac copepod Boeckella triaticulata in MasterFoods Cell water.
Physical and Chemical features were taken from Lake Pertobe at two sites (Table 4-1).
The first site (Site 1) was at the western end of Lake Pertobe, which appeared to be 
turbid and void of submerged macrophytes. The lakes at the second site sampled (Site 2) 
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are used for the recreational activities adjacent to the mini-golf course and picnic area of 
Lake Pertobe. The second site was ideal for plant collection (Figure 4-2) as it is in 
abundance in supply of R. polycarpa. Water quality parameters were taken from Site 1 
as it was thought that salinity would be higher due to inflow from the adjacent Merri 
River estuary system. 
Table 4-1 Physical and Chemical features of Site (1) and Site (2) from Lake Pertobe 
sampled on the 25.2.06 and Lake Colac sampled on the 22.2.06. Sampling was 
achieved by use of the Yeo-kal Intelligent water quality probe and a YSI 
chlorophyll sonde.
3K\VLFDO&KHPLFDO)HDWXUHVDQG&KORURSK\OOĮDWWKHWZRVLtes of Lake Pertobe
Parameter Site 1 Site 2
pH 5.86 6.8
Temperature (ºC) 20.13 19.88
ORP (MV) 426 418
Salt (ppt) 0.44 2.22
Dissolved Oxygen (mg/L) 8.8 5.4
Turbidity(ntu) 53.5 7.6
Conductivity (μs/cm) 753 3941
&KORURSK\OOĮJ/ 42.6 120.8
Physical and Chemical Features and &KORURSK\OOĮRI/DNH&RODF
Parameter Date:- 22.6.06 Date:-22.8.06
pH 8.98 8.9
Temperature (ºC) 18.46 25.12
ORP (MV) 441 106
Salt (ppt) 3.71 8.82
Dissolved Oxygen (mg/L) 13.4 9.3
Turbidity(ntu) 86.4 109.2
Conductivity (μs/cm) 6745 8000
&KORURSK\OOĮJ/ 20.9 20.9
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The submerged plant R. polycarpa was collected from Lake Pertobe at Site (2) by hand 
on the 27th of February 2006 and placed into 32L plastic containers for transportation to 
the poly-house located in the aquaculture compound at Deakin University, 
Warrnambool. Sediment from Site 2 were (collected by shovel) placed into four 32L 
plastic containers for transportation. Survival of R. polycarpa was observed in each of 
the four replicates for each of the four treatments.
The treatments were-
1) Lake Pertobe sediment and Lake Pertobe water (Control)
2) Cell 4 sediment and Lake Pertobe water (RMP)
3) Cell 4 sediment and MasterFoods Cell 4 water (RMM)
4) Lake Pertobe sediment and  Lake Colac water (RPC)
Water was collected in 32 L containers from Site (2) at Lake Pertobe before
transportation back to the aquaculture compound at Deakin University, Warrnambool.
Lake Colac water was collected in the same fashion from the southern end of Lake 
Colac on February 28, 2006. Water and sediment were collected from the MasterFoods
Cell 4 wetland in 32L plastic water containers on January 31, 2006 and was stored in the 
climate control room in with aeration before use.
4.1.3 Experiment 2 Ruppia polycarpa microcosm set up 
Each container was filled with sediment to a depth of approximately 5cm for each 
replicate for each of the four treatments. Twelve clumps R. polycarpa containing 
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approximately 50 shoots with rhizomes attached were pushed into the sediment so that 
the rhizomes were totally covered. Water for each of the appropriate treatments was 
poured into each replicate. The lid from the containers was used as an obstruction when 
pouring the water, so that the water was let to trickle into the containers and not stir up 
the bottom sediment or cause up rooting of R. polycarpa. Air stones and hosing were 
held in place by porcelain donut electric fence insulators; these were placed between the 
macrophytes in each replicate (Plate 33, 34, 35 & 36; Appendix A).
Although a majority of microcosm experiments use the addition of deionized water as a 
way to eliminate the effect from evaporation, deionized water was not added to any of 
the treatments during the trial as evaporation in lakes and wetlands is a common and 
natural phenomenon.
4.2 Copepod addition
Approximately 1000 individual calanoid copepods of the species B. triaticulata sourced 
from Lake Colac were added to all treatments on the 19.3.06 to observe whether the 
presence of the submerged plant R. polycarpa would facilitate copepod survival.
4.2.1 Experiment 3 Plant collection for mesocosom experiment
The submerged macrophyte Ruppia polycarpa was collected from Lake Pertobe, 
Warrnambool on December 12, 2006. Plants were collected in clumps by hand, and
were carefully placed into 18 x 32 L plastic containers minimizing damage to the
stoliniforous rhizomatous root systems. Water addition to the containers kept plant wet 
for transport to MasterFoods wetland site in Ballarat.   
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4.2.2 Experiment 3 Sediment collection 
Lake Pertobe sediment was collected on the 12th of December 2006 by use of a shovel 
and placed into 3x 75 L plastic garbage bins. The garbage bins were filled ¾ to the top 
with sediment before transportation. Nine 1000 L Reln troughs used in the experiment 
were already positioned (from Gervasi‘s experiment) towards the end of Cell 4 and 
between Cell 5 (Plate 41; Appendix A). Three replicates of troughs for each of the three 
treatments were chosen for the experiment.
1) A control set of three replicates containing MasterFoods Cell 4 water and 
wetland sediment (Control).
2) A second set of three replicates containing Ruppia polycarpa planted in 
MasterFoods Cell 4 wetland sediment and exposed to Cell 4 wetland water 
(RMM)
3) A third set of three replicates containing Ruppia polycarpa planted in Lake 
Pertobe sediment and exposed to Cell 4 wetland water (RLP)
4.2.3 Experiment 3 Treatment design
At the MasterFoods wetland a shovel was used to remove the Lake Pertobe sediment 
from the 75 L plastic rubbish bins which were then emptied into six 32 L plastic 
containers, these were then emptied into one 1000 L Reln trough per replicate. This was 
repeated for all three replicates in the treatment of R. polycarpa planted in its original 
sediment, testing the survival of R. polycarpa planted in its native sediment and exposed 
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to Cell 4 wetland water. Wetland sediment from Cell 4 was removed by shovel and 
placed into six 32 L containers, which were emptied into one of the 1000 L Reln troughs 
per replicate for the controls (Figure 4-3). There was no planting of R. polycarpa in 
these tubs. The same addition of sediment was repeated for all three replicates for the 
treatment of R. polycarpa planted in Cell 4 sediment and exposed to Cell 4 wetland 
water (Plate 42; Appendix A). 
Figure 4-3 Ruppia polycarpa mesocosoms. (C) Control, (RLP) R. polycarpa and 
Lake  Pertobe sediment, (RM) R. polycarpa and Cell 4 and tubs not used.
4.2.4 Experiment 3 Planting of Ruppia polycarpa
The rhizomes of Ruppia polycarpa were washed free of Lake Pertobe sediment and 
placed into the treatments containing Cell 4 sediment. Rhizomes were also washed 
before being placed into treatments containing Lake Colac sediment so the method was 
replicated and unbiased (Plate 43; Appendix A).
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All nine Reln troughs were to be filled with town water at the beginning of the 
experiment to aid in the establishment of submerged macrophytes. However, due to 
problems with the drought and water restrictions (at this time), combined with a leak 
from the source of town water from the factory during filling (B. Bomatali, pers comm. 
2003), only the three Reln troughs containing Lake Pertobe sediment treatment were 
filled with town water (Plate 44; Appendix A). The remaining six troughs were filled 
with Cell 4 water. Water was drawn from Cell 4 using an electric water pump connected 
to a PVC pipe to a series of taps for each of the nine 1000 L Ren troughs. Water flow 
rate was controlled by a digital timer that controlled the on/off of the water pump from 
Cell 4. The timer was programmed to run the pump for 6 minutes per day to allow a 
simulated water retention time of 16 days.
The physical and chemical features were monitored every two weeks from January 16 to 
March 3, 2007 at approximately 12:00 pm midday using a Yeo-kal water quality probe.
4.2.5 Statistical analysis of physical and chemical features
Analysis of Variance (ANOVA) was performed to detect the differences in the Physical 
and Chemical features of replicates within treatments over time and differences of the 
Physical and Chemical features in each treatments from both the pilot study involving 
Ruppia polycarpa (Experiment 2) between dates sampled and the mesocosom (Reln 
trough) experiment with R. polycarpa (Experiment 3). For treatments that showed 
unequal variation data was Log transformed before analysis. Games-Howell multiple 
comparisons pos-hoc test was used to detect differences within treatments between dates 
sampled
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4.3 Experiment 1 Pilot study involving Elodea canadensis and Potamoegeton crispis
The short-term pilot study involving E. canadensis and P. crispus conducted in the poly-
house, demonstrated that survival in a 50% mix of MasterFoods Cell water and Merri 
river water was not suitable for either species of submerged plant. Although both plants 
are found growing in coastal rivers and creeks and are adapted to brackish conditions, 
they were unable to survive for an extended period of time (7 days) in The MasterFoods 
wetland water. After 14 days a build up of epiphytic algae and an oozy sludge like film 
appeared to smother the E. Canadensis and lifted the entire plant out of the sediment to 
the surface (Plate 27, 28, 29 and 30; Appendix A). The senescence of E. canadensis was
amplified when exposed to 100% MasterFoods water and the 1:1 mixture of Merri river 
water and MasterFoods water. The submerged plant P. crispus had completely 
disappeared and the water appeared to be a dark color with a stagnant odor (Plate 31; 
Appendix A). Physical and chemical features were not made during this pilot study as it 
was only set up to see whether E. canadensis and P. crispus would be able to tolerate the 
MasterFoods Cell 4 water. Both submerged macrophytes were smothered by epiphytes 
over their leaf and stem tissues limiting light availability.
4.4 Experiment 2 Pilot study involving Ruppia. polycarpa
The poly-house microcosm experiment involving R. polycarpa over a one-month period 
appeared to show better degree of survival than E. canadensis or P. crispus (7 days).  
The experiment also allowed the observation of evaporation in terms of increased 
salinity, a phenomenon often seen in natural wetlands. The experiment ended just after 
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the 28.3.06 due to a large rip in the poly-house plastic roof during a wild storm causing 
contamination of the treatments with rainwater and other debri. 
4.4.1 Experiment 2 pH  
ANOVA reported significant differences in pH was observed between treatments (F 3, 
60=20.211, P<0.05) and between dates for each treatment (F 3, 60=5.944, P<0.05). 
Significant differences in pH was observed in the RMM, RMP and RPC treatments (F 3, 
12=51.165, P<0.05), (F 3, 12=9.635, P<0.05) and (F 3, 12=9.346, P<0.05) respectively
(Tables 4-6, 4-7 & 4-8; Appendix D). However, no difference in pH was observed in the 
control over sample dates (F 3, 12=1.977, P>0.05) (Table 4-5: Appendix D). The pH in 
the Control, RMM and RMP treatments fluctuated between a pH range of 9.1 and 9.7, 
where as the RPC treatment was found to have a pH range between 8.7 and 9.4 (Figure 
4-4) and (Tables 4-1 to 4-4; Appendix D).
4.4.2 Experiment 2 Turbidity 
Turbidity was Log transformed due to unequal variance between replicates in all 
treatments. Significant differences (F 3, 60=11.151, P<0.05) in turbidity was observed 
between treatments over the four sample dates (Table 4-9; Appendix D). The lowest 
turbidity recorded was on the 7.3.07 (Figure 4-4) in the RPC treatment (F 3, 12=8.916, 
P<0.05) with a Log turbidity of 0.42 ± 0.18 ntu (Table 4-8; Appendix D). Log turbidity 
was not necessarily significantly different (F 3, 12=3.115, P>0.05) from other sample
dates in the RMM treatment (Table 4-6; Appendix D) on the 28.3.06 with a mean 
turbidity of 1.73 ± 0.12 ntu (Table 4-2; Appendix D), however Games-Howell post hoc
229
test did assume differences in turbidity. Overall, turbidity in The RMM, RPC and RPM 
treatments decreased over time except for the control.  
4.4.3 Experiment 2 Dissolved oxygen 
Dissolved oxygen levels remained relatively constant in the control between 9.5 mg/L
and 10.3 mg/L over the time of the trial. The RMM treatment had significantly higher 
DO concentration than other treatments (F 3, 60=3.732, P<0.05) and decreased to a mean 
closer to that of all other treatments by the end of the trial. The DO concentration in the 
RPC treatment was lower than that of all other treatments with a mean DO of 6.7 ± 0.09
mg/L (Table 4-4; Appendix D), however, turbidity increased to concentrations close to
both the control and RMP treatment with  means of  10.35 ± 1.64 mg/L and 11.2 ± 1.26
mg/L respectively by the 19.3.06. The DO in four treatments including the control were
significantly different (F 3, 60=3.685, P<0.05) between treatments on the 7.3.06 and were 
found to have a DO concentration of between 8.7 mg/L and 9.5 mg/L (Figure 4-4) and 
(Tables 4-10 to 4-11; Appendix D).
4.4.4 Experiment 2 Phytoplankton cKOĮ
ANOVA reported significant differences between treatments (F 3, 60=47.312, P<0.05) 
between sample dates, however, no significant differences in phytoplankton chlorophyll 
Į concentration were observed in the control (F 3, 12=1.255, P>0.05) (Table 4-1 & 4-9;
Appendix D). Contradictory to this the Games-Howell post hoc test did assume 
significant differences in phytoplankton Chl Į concentration in the control between 
sample dates (Table 4-10; Appendix D). The control remained between 100 μg/l and 130
μg/L throughout the trial (Figure 4-4). The RMM treatment was found to be 
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significantly different (F 3, 12=4.514, P<0.05) between dates (Table 4-6; Appendix D)
with the highest concentration of Chl Į at 425.25 ± 47.73 μg/L recorded at the beginning 
of the trial. The phytoplankton Chl Į significantly decreased to a mean of 243.9 ± 20.01
μg/L by the 19.3.06 and then increased to 263.77 ± 52.5 μg/L by the end of the trial
(Tables 4-2 & 4-10; Appendix D). The Chl Į concentration in the RMP treatment 
remained significantly low (F 3, 12=21.282, P<0.05) at the beginning of the trial. An 
interesting observation in the RMP treatment was that Chl Į at the beginning of the trial
decreased from 180.5 ± 11.21 μg/L to 40.65-± 17.84 μg/L by the 19.3.06. Following this 
reduction an increase LQ&KOĮFRQFHQWUDWLRQgreater than that of the RMM treatment was 
recorded at 315.3 ± 40.31 μg/L by the end of the trial. The lowest FRQFHQWUDWLRQRI&KOĮ
was observed in the RPC treatment (F 3, 12=4.305, P<0.05), however Games-Howell post 
hoc test revealed no differences in this treatment between sample dates (Table 4-10; 
Appendix D) which UDQJHGEHWZHHQ&KOĮFRQFHQWUDWLRQVRI μg/L and 15 μg/L.
4.4.5 Experiment 2 Temperature 
ANOVA reported no significant differences (F 3, 60=0.578, P>0.05) in temperature 
between four treatments (Table 4-9; Appendix D), which followed a similar trend in 
temperature and did not differ by more than 2º C. The temperature decreased from 
approximately 22.5º C to 18.2º C in all treatments throughout the trial. ANOVA did 
however report significant differences in the control, RMM, RMP and RPC treatments
between sample dates (F 3, 12=4.243, P<0.05), (F 3, 12=38.993, P<0.05), (F 3, 12=20.293, 
P<0.05) and (F 3, 12=11571, P<0.05) respectively (Tables 4.5, 4.6, 4-7 and 4-8; Appendix 
D). Temperatures remained relatively consistent due the coating of white wash before 
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the trials to prevent high temperatures during the day. This also aided in keeping the 
treatments protected from the cooler temperatures at night. However, it must be noted 
that temperatures would have fluctuated by the time of the day and particularly between
days that were not sampled (Figure 4-4).
4.4.6 Experiment 2 Conductivity
ANOVA reported significant differences (F 3, 60=47.312, P<0.05) in conductivity 
between the treatments over dates sampled (Table 4-9; Appendix D). Significant 
differences in conductivity were also reported in the control, RMP and RPC treatments
(F 3, 12=9.297, P<0.05), (F 3, 12=12.71, P<0.05) and (F 3, 12=29.583, P<0.05) respectively 
(Tables 4-5, 4-7 and 4-8; Appendix D). No significant differences were indicated by 
ANOVA in the RMM treatments over sample dates (Table 4-10; Appendix D). 
Conductivity remained between 3590 μs/cm and 4640 μs/cm, however the concentration
of salts appeared to be much higher in the RPC treatment which increased from 6586
μs/cm at the beginning of the trail to 7710 μs/cm on the final date. The conductivity in 
the RPC treatment is due to the high salinity found in Lake Colac at this time (Table 4-
1). 
Salinity and conductivity area a closely related parameter so salt (ppt) is not discussed 
here. The increase in conductivity over the trial period is due to the evaporation of water 
from the treatments. Water was not added to the treatments during the trial, as the 
phenomenon of evaporation is evident in natural wetlands and a mock-up model was 
carried out to mirror this on a smaller scale (Figure 4-5 and Tables 4-2 to 4-12).
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An important observation made in this pilot study was that Ruppia polycarpa planted in 
its original sediment (Lake Pertobe sediment) and exposed to its original water from 
Lake Pertobe showed evidence of sexual reproduction with the development of flowers 
(Plate 36, 37, 38 & 39; Appendix A). In treatments where R. polycarpa was planted in 
Lake Pertobe sediment and exposed MasterFoods Cell 4 water and Masterfoods Cell 4 
sediment and Cell 4 water, flowering was totally absent (Plates 33, 34 and 35; Appendix
A). An observation of R. polycarpa from Site 2 at Lake Pertobe at this time at Site 2
confirmed that the flowering in the control followed natural patterns as seen in the lake.
Investigations for inhibition of flowering by the ammonium ion and by sucrose in
aquatic plants were conducted in several species of the Lemnaceae (Posner; 1968; 
Posner; 1970; Posner; 1971; Ives and Posner; 1982). The aquatic plant Lemna perpusilla
grown on cultures to study the effect of various factors on carbohydrate inhibition of 
flowering and on in vitro activity of glucose 6-phosphate dehydrogenase found a marked 
reduction in flowering in L. perpusilla in the presence of sucrose, glucose or fructose.
The inhibition of flowering by sucrose in low-macro nutrient medium was prevented by 
increasing the levels of either calcium or phosphate, but not by increasing potassium,
nitrate, ammonia, magnesium or sulphate (Posner; 1968). The effect of calcium might 
have been due to an enhancement of the uptake or total accumulation of phosphate, as 
has been shown in other plant systems (Leggett; 1968). It has also been reported that 
calcium and phosphate inhibit copper-induced long-day flowering in L. pauciocostata
grown on a non-chelated medium which further suggested that an inhibition of copper
uptake might be involved (Hillman; 1962). Another possibly related explanation for the 
interaction between sucrose and phosphate is that iron metabolism might be affected. 
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Iron is required for photoperiodic induction of flowering in L. pauciocostata and its 
uptake or activity can be affected by calcium and phosphate (Gauch; 1957).
Carbon dioxide has also been found to inhibit flowering on dilute medium. This 
inhibition required the presence of ammonia as did the sucrose inhibition, suggesting a 
relationship between the two effects (Posner; 1971). It has been reported that sucrose, 
CO2 and HCO3- inhibit photo periodically controlled flowering in L. gibba, and has 
suggested that the effect might be due to the physiology due to excessive consumption 
of ATP in respiration (Kandeler; 1967). Plants flower due to environmental cues like 
temperature and day length and where carbohydrates are stored in their roots and are 
accessed when environmental macro-nutrients are limited. In a paper by Eshghiand 
Tafazoli (2006), the most abundant soluble sugar, in all organs tested, was sucrose. 
Sucrose levels in shoot tips and leaves decreased at the beginning induction, but soon 
increased to the levels recorded in non-induced plants (Eshghi and Tafazoli; 2006).
Studies in Arabidopsis thaliana have shown how the species has harnessed the 
environmental cue of a period of low temperature to ensure flowering occurs at an 
appropriate time (Dennis, Finnegan et al.; 1996; Dennis, Bilodeau et al.; 1998).
Vernalization is a process that is an adaptation by particular plant species requiring 
exposure to non-freezing low temperatures before entering the reproductive phase 
(Streck and Schuh; 2005). The promotion (vernalization) of flowering to prolonged cold 
temperatures is dependant on plant age and physiological stage; however, vernalization 
does not initiate flowering directly. It renders the meristem competent to respond to 
other environmental and developmental flowering signals (Micheaels and Amasino; 
2000; Micheaels and Amasino; 2001).
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Dennis et al (1998) proposed that Arabidopsis has both vernalization-independent and 
vernalization-dependent pathways for the initiation of inflorescence development in the 
shoot apex and may be concerned with the supply of carbohydrate to the shoot apex. In
the late flowering ecotypes, which responded to vernalization, the vernalization-
independent pathway, was blocked by the action of two dominant repressors of 
flowering.
Dennis et al (1998) suggested that the vernalization-dependent pathway may be 
concerned with apical GA biosynthesis and is blocked by methylation of a gene critical 
for flowering. This gene may correspond to that encoding kaurenoic acid hydroxylase 
(KAH), an enzyme catalysing a step in the GA biosynthetic pathway. Under this scheme 
vernalization causes unblocking of this pathway by demethylation possibly of the KAH 
gene and consequent biosynthesis of active GAs in the apex (Dennis, Bilodeau et al.;
1998).
The MasterFoods cell water contains high levels of carbon and sugars used in the 
manufacturing of confectionary products and may therefore explain the non-flowering of 
R. polycarpa when exposed to MasterFood’s Cell water. This may also be an indication 
that the MasterFoods treatment facility is not working at peak performance. The 
consumption and assimilation of sugar by micro-organisms attached to the UASB may 
not be totally efficient in reducing sugars in the waste water entering the wetland system. 
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Figure 4-4 pH, Log Turbidity (ntu) '2 PJ/ &KORURSK\OO Į J/), 
Temperature (ºC) and Conductivity (μg/l) over dates sampled. Points are the mean 
of the four replicates per treatment with standard error bars
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4.5 Physical and chemical features of the reln trough experiment
4.5.1 Experiment 3 pH
The pH increased in all treatments over the time of the experiment (Figure 4-5). The 
RLP and RMM treatments initially had a higher pH (9.19 ± 0.3 and 9.14 ± 0.01 
respectively) than the control (mean 9.02 ± 0.003) at the beginning of the experiment.
ANOVA indicated significant differences in pH in the control, RLP and RMM 
treatments between dates sampled. (F 6, 14=197.809, P<0.05), (F 6, 14=69.321, P<0.05), 
and (F 6, 14=138.711, P<0.05) respectively (Tables 4-14, 4-15, 4-16; Appendix D). 
Assumptions made by the Games-Howell post hoc test, indicated increases in pH in the 
RLP and RMM treatments over time and were significantly lower than the control (9.72
± 0.006) by the end at the end of the experiment. The lower pH in control at the 
beginning of the experiment compared to the other treatments was attributed to the pH 
of Cell 4 at this time with a pH of approximately pH 9 in Zone G (Figure 2a; Appendix 
B). During flow times to the troughs from Cell 4 the combination of sunlight and warm 
temperatures had increased photosynthesis and thus phytoplankton production in open 
water, which significantly elevated pH in the controls.
4.5.2 Experiment 3 Turbidity
ANOVA indicated significant differences (F 6, 14=7.375, P<0.05) in Log Turbidity 
(Table 4-1 & 4-14; Appendix D) in the control troughs (Cell 4 sediment and Cell 4 
water) between dates sampled (Figure 4-5). The RMM and RLP treatments did not show 
any significant differences in turbidity over the dates sampled (Table 4-15, 4-16; 
Appendix D). Games-Howell post hoc test confirmed that differences in turbidity in the 
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control were more obvious on the 20.2.07 with a mean Log turbidity of 9.4 ± 0.17 ntu. 
An increase on this date was also observed in the RLP and RMM treatments with a Log 
turbidity of 6.7 ± 1.75 ntu and 6.17 ± 1.18 ntu respectively (Table 4-11, 4-12 and 4-13; 
Appendix D). 
Turbidity in Cell 4 on the 20.2.07 was found to increase in Zone G from <200 ntu to 
>600 ntu in Zone I (Section 2.7.3; Chapter 2 and Figure 2b; Appendix B). The increase 
from Cell 4 coincided with the increase in treatments and notably was greater in the 
control indicating that R. polycarpa biomass, to some degree, produced temporary 
shading had had reduced the phytoplankton crop and the suspension of particulate matter
4.5.3 Experiment 3 Dissolved oxygen
ANOVA reported significant differences in DO between the Control, RLP and RMM 
treatments (F 6, 14=16373, P<0.05), (F 6, 14=4.386, P<0.05) and (F 6, 14=6.147, P<0.05) 
respectively (Tables 4-14, 4-15 & 4-16; Appendix D). Significant differences in DO 
concentration (F 6, 56=8.004, P<0.05), was also observed in each treatment between dates 
sampled (Table 4-18; Appendix D), however DO concentrations between treatments 
(Table 4-17; Appendix D) were not necessarily significant different (F 6, 60=0.053, 
P>0.05). Games-Howell post hoc test assumed differences DO concentrations among 
treatments particularly on the 22.1.07. One explanation could be that the water being 
pumped into the control troughs was more vigorous than the other treatments adding 
aeration. The DO concentration in the control on this date was elevated with a mean of 
9.76 ± 0.133 mg/L compared to the RMP and RMM treatments which were found to 
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have DO concentrations of  1.43 ± 0.38 mg/L and 1.76 ± 1.07 mg/L respectively (Figure 
4-5.
The DO concentrations from all treatments including the control began to follow a 
similar downward trend to near zero DO concentrations. Following this, an increase DO 
concentration was observed in the RMM treatment on the final sample date with a DO 
concentration of 4.9mg/L. The control and RLP treatment did not increase above 4
mg/L. The dissolved oxygen concentration on the 20.2.07 in Zone C of Cell 4, was 
found to be >8 mg/L and <10 mg/L, with a final decrease in DO concentration to 
approximately 4 mg/L in Zone I (Figure 2c; Appendix B). Dissolved oxygen readings
were not taken from Zones A and G at this time due to drop in water level in both zones.
The reduction in water in Cell 4, may have been result of management regimes from 
within the company, such as controlling weirs so that water was now entering Cells 2 
and 3. 
4.5.4 Experiment 3 Phytoplankton cKORURSK\OOĮ
$129$UHSRUWHGVLJQLILFDQWGLIIHUHQFHV LQ3K\WRSODQNWRQ&KOĮFRQFHQWUDWLRQV LQ WKH
control, RLP and RMM treatments between dates sampled (F 6, 14=51.204, P<0.05), (F 6, 
14=24.184, P<0.05) and (F 6, 14=27.972, P<0.05) respectively (Table 4-14, 4-15 & 4-16; 
$SSHQGL[ ' 7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV EHWZHHQ WUHDWPHQWV LQ &KO Į
concentrations over the time of the experiment, however there were differences between 
treatments on dates sampled (F 6, 56=30.932, P<0.05) (Table 4-18; Appendix D).
The phytoplankton &KO Į concentration in the control was found to increase sharply 
from the beginning of the experiment from <270 μg/L to nearly 600 μg/L by the final 
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sample date. The RLP and RMM treatments showed a steady increase in &KO Į
concentration from 285 ± 30.4 μg/L and 228 ± 33.3 μg/L to >550 μg/L and >450 μg/L 
by the 20.2.07 respectively. The RMM treatment had increased to higher phytoplankton 
&KOĮFRQFHQWUDWLRQover time and would reflect the composition of the Cell 4 sediment. 
7KH FKORURSK\OO Į FRQFHQWUDWLRQ RQ WKH  also UHIOHFWV WKH FKORURSK\OO Į
concentration found in Cell 4 at the time (Figure 2e; Appendix B).
4.5.5 Experiment 3 Conductivity
ANOVA reported significant differences in conductivity in the control, RLP and RMM 
treatments (F 6, 14=7.619, P<0.05), (F 6, 14=85.27, P<0.05) and (F 6, 14=61.144, P<0.05), 
respectively between sample dates (Tables 4-14, 4-15 & 4-16). Significant differences 
(F 6, 56=9.846, P<0.05) in conductivity was also observed between the three treatments
over dates sampled (Table 4-18; Appendix D). However, no differences in conductivity 
were observed between treatments on the 20.2.07 and the 6.3.07 (Table 4-17 and 4-19;
Appendix D) as conductivity in all three treatments followed a similar increasing trend 
from the start of the experiment to the end. Games-Howell post hoc test also confirmed
that there were no significant differences in the conductivity in the control over the time 
of the experiment (Table 4-13; Appendix D).
From the beginning of the experiment conductivity in the control decreased from a mean 
of 4909 ± 97.33 μs/cm to a mean conductivity of 4671 ± 30.71 μs/cm by the final 
sample date (Figure 4-5). Conductivity in the control was also found to be lower than 
either of the RLP and RMM treatments which was unexpected due to an aquatic plants 
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ability to reduce salt concentration and thus reflects that the plants were struggling to 
establish. 
4.5.6 Experiment 3 Temperature
ANOVA reported significant differences in temperature between dates (F 6, 14=88.104, 
P<0.05), (F 6, 14=407.134, P<0.05) and (F 6, 14=, 0.144 P<0.05), for each of the control, 
RLP and RMM respectively (Table 4-14, 4-15 & 4-16; Appendix D). ANOVA also 
confirmed differences in temperature between treatments between dates (F 6, 56=344.230, 
P<0.05). No significant differences were indicated by ANOVA between treatments on 
sample dates, however, Games-Howell post hoc test did assume differences in 
temperatures between dates sampled. Temperature was found to be between 25º C and 
30ºC in Cell 4 on the 20.2.07 and although Cell 4 was not sampled beyond this date the 
trough temperature (Figure 2g; Appendix B) was found to have means just below 25º C
in all treatments (Figure 5-5).
The influence of outside air temperatures on the mesocosoms is expected to be greater 
than that of a larger body of water and will affect other physical and chemical features.
A considerable growth of epiphytes growing on R. polycarpa in the planted treatments 
was paramount and led to the demise of the plants. A study conducted by Jenson (1977), 
showed that epiphytes reduced eelgrass photosynthesis by about 31% optimal light 
conditions with ambient bicarbonate concentrations and largely known that epiphyte 
stands can be a severe stress to aquatic macrophytes.
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Figure 4-50HDQS+/RJWXUELGLW\QWXGLVVROYHGR[\JHQPJ/FKORURSK\OOĮ
(μg/L), temperature (ºC) and conductivity (μs/cm) in the control, RPM and RMM, 
Reln trough treatments between dates sampled.
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4.6 Discussion 
4.6 Experiment 3: Reln trough experiment 
The calanoid copepod B. triaticulata had disappeared in all treatments by the next 
sampling date (Chapter 3). Artificially fertilized lakes ultimately lead to the reduction in 
submerged macrophyte productivity and increase the density of phytoplankton 
populations (Chapter 2).  Phillips (1978) proposes a hypothesis that, although increased 
nutrient loading and the disappearance of macrophytes is closely associated, the 
mechanism for this is more complicated. His hypothesis supported by a variety of 
evidence from the Norfolk Broads and the literature there in, suggest that the 
suppression of macrophyte growth can be attributed to the shading by epiphytes, 
filamentous algae and  the subsequent development of heavy phytoplankton growth
(Phillips, Eminson et al.; 1978). Increased phytoplankton density resulting from nutrient 
enrichment can be an important factor in the decline off submerged macrophyte 
population (Barko; 1986). A paper by Orth and Moore (1983) investigated the decline in 
submerged aquatic vegetation in Chesapeake Bay near Washington and found that 
nutrients not only stimulate phytoplankton growth but also biofilm growth on the leaf 
surface of Zostera marina. This increase in epiphytes reduces the light available to the 
plant although other factors such as loss in grazing community (zooplankton) may also 
be a significant factor to plant decline (Orth and Moore; 1983). Submerged macrophyte 
populations have been shown to decline due to light limitations caused by epiphytes and 
filamentous algae growth on leaf surfaces (Sand-Jenson; 1977; Phillips, Eminson et al.;
1978). Although, aquatic macrophytes do have the ability to reduce their epiphytic 
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stands by producing new photosynthetic tissues and by excreting algal antibiotics
(Phillips, Eminson et al.; 1978), this was not the case.
In the trough experiment, it appears that not only the build up of epiphytes on R. 
polycarpa caused the demise of the plants but also a combination of precipitate,
turbidity, salt and biofilm increase.
4.6.1 Effect of bicarbonate on mortality of Ruppia polycarpa
Hardness measures the concentrations of divalent cations in water samples (Kadlec and 
Knight; 1996), where the most common type of divalent ions in most surface waters is 
calcium and magnesium. Rain water has a low hardness (soft water), with calcium and 
magnesium concentration between 0.1 and 10 mg/L respectively, and a hardness value 
less than 30 mg/L as calcium carbonate (CaCO3) (Kadlec and Knight; 1996).
Carbonate and bicarbonate in the MasterFoods wetland system have been found to be in 
the order of 4280 mg/L in Zone I of Cell 2 and 4140 mg/L in Zone I of Cell 4 (Table 3-1
‘Chapter 3’). The carbonate concentration in Cell 5 was also found in the order of 2150
mg/L (Table 3-5 ‘Chapter 3). Carbon dioxide and bicarbonate are in balance between the 
pH range of 4.4 and 8.2. At a pH of 4.4 or lower, the alkalinity is in the form of carbon 
dioxide. At a pH of 8.2, there is no carbon dioxide and all the alkalinity is bicarbonate. 
Bicarbonate and carbonate are in balance between the pH range 8.2 and 9.6. At a pH of 
9.6, there is no free carbon dioxide or bicarbonate and all the alkalinity is carbonate. As 
the pH increases above 9.6 hydroxyl alkalinity occurs due to the presence of the 
hydroxide ion. Most natural occurring water sources have a pH between pH 6 and pH
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8.2, so the presence of hydroxides is the result of anthropogenic activity (Applied Water 
Solutions Inc; 2005).
The magnesium hydroxide added to the water at the UASB treatment process combined 
with phytoplankton is driving up the pH in the MasterFoods wetland. Watts (2005)
showed that carbonate and bicarbonate ion concentrations in the wetland follow the pH 
trend. As pH increases so do carbonate concentrations and when bicarbonate 
concentrations decrease the pH decreases and vise versa. The carbon-dioxide-
bicarbonate, ion–carbonate, ion equilibrium system, is a major buffering system of most 
natural waters and is effected by changes in pH resulting from algal growth (Watts; 
2004). If high rates of respiration release CO2, the pH of the system should decrease, in 
turn, increasing the solubility and toxicity of compounds, particularly metals from the 
water and sediments (Dunbabin, Pokorny et al.; 1988).
The pH in MasterFoods wetland system continues to increase through the zones, over 
time in the poly-house and Reln trough experiment, and increases in pH correspond with
increases in phytoplankton and the high buffering capacity of bicarbonate. A model 
proposed by Ondok et al (1984) represents their attempt to analyze quantitatively the 
influence of submerged macrophytes on the regime of oxygen and carbon dioxide in 
water. They contend that the function expressing photosynthesis as an uptake of CO2
and HCO3- is dependent on CO2 concentration. References in their paper from Gessner 
(1969) Golterman (1975) suggest that differences in the ability of submerged 
macrophytes to assimilate bicarbonate or adjust to the transition from CO2 to HCO3-
uptake in photosynthesis is characterized by its adaptation (Gessner; 1969; Golterman; 
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1975). Earlier models attempted to describe the higher affinity to free CO2 than 
bicarbonate (Ondok, Pokorny et al.; 1984).
4.6.2 Effect of turbidity on mortality of Ruppia polycarpa
In a review by (Barko; 1986) and references there in, it was demonstrated that increased 
turbidity resulted in decreased macrophyte biomass. They advocated that the depth of 
macrophyte colonization, related to the availability of light, was controlled to the great 
extent by phytoplankton density (Barko; 1986). Submerged macrophytes are able to 
adapt to low irradiance by adjusting photosynthetic pigment composition, where the 
total chlorophyll in leaves generally increases with decreasing irradiance (Barko; 1986).
Submerged plants have also been said to be able to adapt to stresses of low light within 
weeks by reducing non-photosynthetic tissue and adjusting respiration rates (Barko; 
1986). A study conducted by Chambers (2001) and others found that application of 210 
to 275 mg/L of Ca (OH)2 to three eutrophic, hard water ponds and one irrigation canal 
resulted in eradication of submersed aquatic plants within 1.5 months. An examination 
of the ponds 12 months after treatment showed that the vegetation was almost absent 
from one pond and in the other pond was suppressed relative to the untreated section
(Chambers, Prepas et al.; 2001). The decline in lake phytoplankton abundance 
following lime addition had been attributed to phosphate inactivation, caused by binding 
of calcium and phosphate to form an insoluble calcium phosphate precipitate and 
physical precipitation of lime-impregnated algal cells (Chambers, Prepas et al.; 2001).
The Masterfoods wetland has phosphorous concentrations >300 μg/L with the wetland
being termed hypereutrophic, (Table 1-1: Chapter 1) it has the characteristic of a white 
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physical precipitate, combined with dead algal cells along the banks and over the 
planting beds when the water was lowered for macrophyte installation (Plate 22; 
Appendix A). The phosphate inactivation by the binding of magnesium (>750 mg/L in 
the wetland) and phosphate precipitates and elevated bicarbonate combined with
increased phytoplankton explains the challenges that R. polycarpa and other submerged 
macrophytes contend with.
4.6.3 Nutrient sediment metabolism
The anaerobic conditions in the MasterFoods wetland, as observed in the oxidation-
reduction potential values (Tables 4-13, 4-14 and 4-15; Appendix D), have mostly been 
found below -100 mV. Aerobic conditions are required for the nitrification of ammonia 
compounds prior to their loss as a gas by denitrification, and for the oxidation of iron 
and manganese to hydrous oxides which have a high surface area and adsorptive 
capacity for phosphorous and metals (Dunbabin, Pokorny et al.; 1988).
The MasterFoods wetland has sulphate concentrations of approximately 7% in Cell 2 
and Cell 4 (Table 3-4 and 3-5 ‘Chapter 3’) and concentrations in salt lakes in south 
Western Victoria also show sulphate concentrations close to 0% (Table 3-6) except for 
Lake Purrumbete and Lake Weering. Another possibility may also be due to 
methanogenesis producing bacteria in the MasterFood’s wetland. In 1978, Zinder 
investigated the productivity of sediments in Lake Mendota in Wisconsin (USA). The 
lake had a dense cyanobacterial bloom (blue-green algal) bloom of dead or senescent 
cells that had settled to the bottom. The lake was considered an anaerobic degradation 
system in which methane, carbon dioxide, and hydrogen sulphide are produced as the 
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end products of carbon and sulphur metabolism. The bacteria that use methane thiol,
considered as an intermeadiate in the production of methane and carbon dioxide, are
found in habitats where by large amounts of protein degradation occurs. These 
methanogenic bacteria establish themselves before other populations of bacteria in
habitats that include manures and spoiling foods (Zinder and Brock; 1978).
The formation of homocystine from methionine and hydrogen sulphide from 
homocystine are well-known biochemical reactions (Kadota and Ishida; 1972). Postgate 
(1968) had suggested that there is a mechanism of hydrogen sulphide production from 
methionine. Other studies of microbial dissimilatory metabolism of methionine at the 
time had found methane thiol, dimethyl disulfide, and dimethyl sulphide as products, 
rather than hydrogen sulphide (Postgate; 1968; Kadota and Ishida; 1972; Zinder and 
Brock; 1978). If sediments are loaded with methionine then, methane thiol was produced
and since methionine sulphur was readily metabolized to hydrogen sulphide, it was
likely to be a major source of sulphide in sediments. A build up of other intermeadiate 
compounds were identified in their research as fatty acids and amines in the sediments 
(Zinder and Brock; 1978). They tested that if only a small amount of methane thiol was 
added to the sediments then hydrogen sulphide was produced although they were never 
able to detect volatile organic sulphide compounds. They had also indicated that when 
glucose and methionine were not added to the sediments, no volatile products were 
formed (Zinder and Brock; 1978). Glucose also did not effect the sediment metabolism 
of the smallest amount added to the sediments in contrast to Francis et al (1975) who 
asserts that glucose, was needed for product formation from methionine in anaerobically 
incubated soils (Francis, Duxbury et al.; 1975). Zinder (1978) and others also found 
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production of methionine by sediments treated with chloroform even when methionine 
was not added. Their results found were similar to that of anaerobic sewage digester 
sludge (Zinder and Brock; 1978) except that methionine production was much greater as 
one would find in a system that is more actively degrading protein. 
4.6.4 Salinity and osmoregulation in Ruppia polycarpa
Sim et al (2006) observed the negative effects of salinity on R. polycarpa with the plant 
declining with increased salinity of >45 ppt (Sim, Chambers et al.; 2006). Lake Pertobe 
showed total salt concentrations of 0.44 ppt at Site 1 and 2.22ppt at Site 2 (Table 4-1). 
The salt concentration from Lake Pertobe was found to be between 2.3 ppt to 4 ppt
(Chapter 2) of the MasterFoods wetland Salinity is an important issue for MasterFoods 
due to using the wetland water for irrigation for the factory grounds and is not only a 
question of how much salt but the types of salts present. The total salt concentration in 
the MasterFoods wetland should not be the factor causing the mortality of R. polycarpa;
however, it may not be the total concentration of salt in the system but the concentration 
of specific salts and conservative ionic composition.
The water body that R. polycarpa was collected from (Lake Pertobe) had a conductivity 
of 3941 μs/cm, where as the conductivity of the control in the trough experiment was 
4909 ± 97.3 μs/cm, however decreased to 4577 ± 33.76 μ/cm before a further increase 
towards the end of the experiment. At the beginning of the experiment, the RMM 
treatment was exposed to salinities with mean conductivity of 3970.7 ± 15.62 μs/cm and 
4762 ± 34.72 μs/cm towards the end of the experiment. Conductivity in the RLP 
treatment (R. polycarpa planted in its own sediment and exposed to Cell 4 water) had 
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salinity levels between that of the control and RMM treatment.  Mortality in R. 
polycarpa in the RLP treatments still did not explain the problems associated with 
growth, even though Lake Pertobe water was lower in salt concentration when compared 
to Cell 4 water in the trough experiment (Table 4-11, 4-12 and 4-13; Appendix D). The 
macrophytes should have been able to tolerate these salinities. 
Osmoregulation studies involving the mechanisms of salt tolerance in the aquatic 
halophyte genus Ruppia purported that the tissue fluids of the three species R. 
megacarpa Mason, R. polycarpa Mason and R. tuberosa Davis and Tomlinson, were 
always hypertonic to the surrounding water. They contended that the organic solute 
proline (amino acid) accumulated in the cytoplasm and possibly acts as a mechanism to 
counteract the effects of high external salinities. Results from their research suggested 
that proline content increased with the salinity of the habitat in all three species. 
Elevation of proline content increased while plant growth was active and declined later 
in the growing season. Assumptions were made that if the proline is confined to the 
cytoplasm and the cytoplasm comprises 10% of the cell volume for these submerged 
aquatic plants, proline is estimated to generate a solute concentration in this 
compartment equivalent to up to 50% of the total solute concentration of the external 
habitat (Brock; 1981). The diffusion of water from Cell 4 into the cytoplasm could be 
disrupting the ion exchange process during osmosis and when using amino acids for 
metabolic proteins (enzymes). Emergent macrophytes particularly P. australis have a 
thick cuticle that initially impedes the diffusion of solutes to their organs. Submerged 
macrophytes especially the ones used here do not have a thick cuticle to protect their
tissues from particular ions to the epidermis.
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Carbon is not an issue in the MasterFoods wetland in terms of availability; however the 
availability of CO2 in the wetland appears low (evidence of non-flowering in the RMM 
treatments in R. polycarpa poly-house trials) This is due to it being bound as 
bicarbonate and magnesium carbonate, The precipitation of carbonates, low sodium 
chloride concentration (Table 3-2 and 3-3; Chapter 3) in combination with smothering 
from epiphyte, biofilm and phytoplankton that blocks sunlight hindering photosynthesis.
This leads to weakened tissues and leakage of plant cell contents. The anaerobic 
conditions producing methane also disrupts the nitrification/denitrification process, thus
increasing the amount of soluble ammonia and sulphate without efficient volatization.
There is the assumption that the amino acid proline that regulates growth in R. polycarpa
was unable to configure the proteins properly due to the Cell 4 water ionic composition
as it is also a protein degradation system.
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Chapter 5
5 Permanent quadrat study 
This final chapter investigates the growth and succession of the macrophyte species 
chosen for planting in the shallow zones of Cell 3 and Cell 4 as mention in Chapter 2
Permanent quadrats are used in repeated recording of overall quantities, like biomass, 
cover and frequency of plant species in a fixed area (Herben; 1996). The major 
limitation according to Herben (1996) is that a single spatial-temporal pattern may result 
from different processes. A common problem is that if a study is made at one location  
the chance that local event in weather; for example may limit the success of any 
extrapolation to other localities (Austin; 1981). The study of vegetation dynamics is 
dependent on evidence of permanent quadrats for longer periods. The separation of 
different types of growth dynamic behavior depends on having sufficient observation for 
longer periods of time for a large continuous area to have encompassed the major 
temporal behavior patterns relevant to the vegetation under study (Austin; 1981).
Complex interactions with episodic weather events, nutrient increases, phytoplankton 
growth and soil composition make the assumption of what drives the succession 
difficult. The phenomenon of ‘nucleation’ where by the initial establishment of a species 
subsequently modifies its environment for establishment of other species (Austin; 1981)
or can be excluded by inhibition or tolerance pathways of succession are  more likely to 
be confounded by either the environment, temporal fluctuations of spatial heterogeneity.
A broad view approach was adopted in this project where an attempt to observe which 
macrophytes in the wetland are growing. 
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5.1 Macrophyte growth succession and biomass
The monitoring of growth of planted emergent macrophytes in the constructed wetland 
shallow zones was started on the 6th of January 2005 and completed on the 21st of 
January 2007. Three 4 m2 quadrats were positioned randomly in each of the shallow 
Zones in Cell 3 and Cell 4. Cell 2 had already been studied previously using 1m2
quadrats for a number of planted species in 2004 (Watts; 2005).
5.1.1 Braun -Blanquet method
The Braun Blanquet cover abundance method was applied to obtaining a percentage 
cover (Table 5.1) estimate in each 4 m2 quadrat and was selected as a method due to its 
speed in obtaining a cover estimate and ease to which it can be applied (Wikum and 
Shanholzer; 1978).  In each permanent quadrate sixteen 1 m2 quadrats were used and
then a random selection of cover percentage was observed from each 1m2 within the 
larger quadrat. Heights of plants and stem counts were not recorded so a midpoint cover 
range was used with the mean values from the three quadrats in each of the shallow 
zones were calculated to give a mean percentage cover (Table 5.2).
Table 5.1 Braun-Blanquet cover abundance
Braun-Blanquet Scale Range of cover (%)
5
4
3
2
1
*
75-100
50-75
25-50
5-25
<5
<5
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Table 5.2 Conversion of Braun-Blanquet cover abundance scale to mid point cover 
range.
Braun-Blanquet Scale Range of cover (%) Mid point cover range 
(%)
5
4
3
2
1
*
75-100
50-75
25-50
5-25
<5
<5
87.5
62.5
37.5
15
2.5
0.1
5.2 Results and discussion
In the early growth stages of the macrophyte growing season, the increase in percent 
cover of a number of plant species showed better growth than others, especially at 
particular times of the year. Plates 45 through to 52 in Appendix A, is an example 
showing the initial growth in Cell 4 of Zone H in the summer months after establishment 
and dormancy of some species in winter (Figure 5-3 and 5-5). 
The macrophyte P. australis showed slow growth cover from when they were planted to 
the summer 2005 and were observed to have between 14 and 16% cover in zones 3D 
and 3H, with zone 3D looking more promising in Cells 3 and 4. P. australis showed 
cover growth of between 2 and 4%, and although this macrophyte grows tall and does 
not provide much cover than the broader clumpy macrophytes it has established and 
flourished in the MasterFoods wetland system (Figure 5-1). Due to the macrophytes
plasticity in adapting to many salt water and brackish environment it was an ideal choice 
for constructed wetlands. Cell 2 and Zone F of Cell 3 is covered with a thick P. australis
stand although die back in winter in temperate climates slows the ability of the plants to 
polish waste water.
254
In the MasterFoods wetland the emergent macrophyte B. articulata was observed to 
have a percent cover of between 14 and 16% in zone 3D, 3H, 4D and 4F in 2005 (Figure 
5-2). B. articulata forms dense clumps and flowers in summer to late autumn (Sainty 
and Jacobs; 2003). This was not the case in zones 4D and 4F as the macrophyte showed 
signs of poor growth and healthy characteristics with a cover of 0 and 4%. 
The macrophyte B. medians showed promising growth in the summer months in zones 
3D and 3H with a percentage cover between 30 and 60% in Zones 3D and 3H; however 
decreases in growth and percentage cover were observed for this species in the autumn 
to winter months. The macrophyte B. medians forms extensive clumps that die back in 
winter in temperate regions (Sainty and Jacobs; 2003). In Cell 4 B. medians only 
exhibited between 10-20% cover and showed some successional expansion in Cell 4. 
Shoenoplectus validus also showed an increase in growth towards the summer and 
autumn 2005 periods with cover of approximately 30 to 40% in zone 3D and a cover 
was 60 to 70% was observed in autumn 2005.  Die back in winter was observed and the 
following summer periods S. validus appeared to struggle to come back from its dormant 
period with small percentage covers of between 0 and 10% in 2006/2007 (Figure 5-2).  
T. procerum was initially growing in zone 4F and which was covered by top soil during 
the renovation of Cell 4. This macrophyte grows and flowers in spring and summer and 
fruiting occurs in late summer and autumn where the seeds germinate and the small 
plants survive winter conditions (Sainty and Jacobs; 2003). T. procerum occupies 
between 14 to 16% cover in Zone F, which shows its ability to survive when covered 
completely with soil during excavation (Figure 5-4). Generally, the macrophytes planted 
in Cell 3 and Cell 4 were growing well in Zone D and in particularly better in Zone H of 
255
Cell 4 when examining the decreasing bare ground in Zone H of Cell 4 (Figure 5-5). In
time, all of the macrophyte planted zones will be completely covered by the succession 
of P. australis as predicted by Watts (2005). This species exhibits more genotypic 
plasticity than the other species planted in the MasterFoods wetland and is protected by 
thick cuticles around its stems.
Figure 5-1 Mean % cover of Phragmities australis in shallow Zones of Cell 3 and 4 
MasterFoods constructed wetland on sample date.
Figure 5-2 Mean % cover of Baumea articulata in shallow Zones of Cell 3 and 4 
MasterFoods constructed wetland on sample date.
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Figure 5-3 Mean % cover of Shoenoplectus validus in shallow Zones of Cell 3 and 4 
MasterFoods constructed wetland on sample date
Figure 5-4 Mean % cover of Bolboschoenus medians in shallow Zones of Cell 3 and 
4 MasterFoods constructed wetland on sample date.
Shoenoplectus validus
0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
6.0
1.2
00
5
12
.01
.20
05
20
.01
.20
05
28
.01
.20
05
14
.02
.20
05
31
.03
.20
05
22
.04
.20
05
18
.05
.20
05
27
.07
.20
05
12
.10
.20
05
19
.11
.20
05
30
.11
.20
05
12
.10
.20
05
30
.11
.20
05
15
.03
.20
05
15
.04
.20
06
15
.06
.20
06
21
.01
.20
07
Date
(%
) C
ov
er
3D
3H
4D
4F
4H
Bolboscoenus medians
0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
6.0
1.2
00
5
12
.01
.20
05
20
.01
.20
05
28
.01
.20
05
14
.02
.20
05
31
.03
.20
05
22
.04
.20
05
18
.05
.20
05
27
.07
.20
05
12
.10
.20
05
19
.11
.20
05
30
.11
.20
05
12
.10
.20
05
30
.11
.20
05
15
.03
.20
05
15
.04
.20
06
15
.06
.20
06
21
.01
.20
07
Date
(%
) C
ov
er
3D
3H
4D
4F
4H
257
Figure 5-5 Mean % cover of Triglochen procerum in shallow Zones of Cell 3 and 4 
MasterFoods constructed wetland on sample date
Figure 5-6 Mean percentage (%) cover of Bare Ground on dates observed. 
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Chapter 6
6 Conclusions
The focus of this work was to address some operational problems of the MasterFoods
constructed wetland and answer key questions relating to high magnesium, algal 
biomass, lack of a zooplankton grazer for ‘Top-down “ biomanipulation, lack of 
submerged macrophytes, high salt concentration, high BOD, low dissolved oxygen and 
high suspended solids. The wetland has a very low diversity of aquatic crustaceans with 
a single Rotifer species observed although not identified (Skinner; 2004).
Problems associated with the treatment facility, is a reflection of the condition of the 
effluent that flows to the wetland. Elevated levels of BOD reflect the treatment process 
due to the amount of sludge and biofilm granules leaving the UASB and entering the 
wetland system. The UASB may not be large enough to cope with the amount of waste 
water entering the treatment system. The baffles (Figure 1-3; Chapter 1) may also be too 
short, thus allowing sludge and biofilm to exit with the effluent to the wetland. The lack 
of dissolved oxygen in Cell 1 and Zone A of Cells 2, 3 and 4, combined with  increasing
BOD levels (Figure 2-9 to 2-12) explain the anaerobic condition from Zone A and
throughout the wetland cells. However, oxygenation levels in the wetland system due to 
the installation of macrophytes are increasing and highest in the summer, with declines 
during the winter periods due to macrophytes becoming dormant (Plate 51 and 42; 
Appendix A), (Figure 2c; Appendix B), and (Chapter 2 and Chapter 5).
In the early stages of macrophytes establishment and growth the macrophytes in Cell 3 
and Cell 4, appeared to be growing well, although others were starting to disappear. The 
emergent macrophyte species Bolboschoenus medians, Eleocharis acuta, Bolboshoenous
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caldwelli and to a lesser extent Shoenoplectus validus appear to be disappearing from 
some of the planted zones. The emergent macrophytes, P. australis, T. procerum and 
Baumea articulata are more robust than the other species, and in the long term, the 
succession of P. australis due to it being a taller plant and ability to dominate sunlight 
while shading smaller macrophyte species in the wetland, will lead to more successful 
growth.
Growth of emergent macrophytes in Masterfoods wetland appears to be having an 
impact on the quality of water in terms of reducing turbidity salinity. Salinity decrease 
from Cell 1 to Cell 5 eludes to the macrophytes impact in reducing salts through the 
zones, although concentration are still too high to be used for irrigation on the factory 
grounds.
6.1.1 Invertebrates
The low diversity of invertebrates also reflects the health of the system. Only Dipteran 
lava from the Chironomidae showed any real numbers in the wetland system and there 
was a greater diversity of invertebrates in the already established Cell 2 when compared 
to Cell 3 (Tables 2-7 and 2-8). The presence of macrophytes in Cell 2 planted in 2002, 
generates a layer of sediment and plant litter, where bacteria can make use of oxygen 
from rhizomes for decomposition. The already established Cell 2 would most certainly 
contribute to more fluxes in ion transformation within, however the Cell has not 
significantly changed in terms of ionic composition as with the other wetland Cells.
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6.1.2 Algae 
Algal diversity and biomass was considerable in the wetland Cells 2, 3, and 4 in Zone I, 
however, diversity declines when water reaches Cell 5 (Table 2-9). One explanation for 
this is the shading of trees on the northwestern boundary of the factory grounds. 
PK\WRSODQNWRQ FKORURSK\OO Į RI !500 μg/L, exhibits a highly productive system and 
combined with bicarbonate hardness that selects for particular blue-green algal species 
and the production of other filamentous algae, epiphytes and biofilm complexes thus 
enhancing turbidity (discussed in Section 2.5; Chapter 2) which impedes survival of 
submerged macrophytes due to smothering.
6.1.3 MasterFoods ionic composition
The possibility for MasterFoods to shift the ionic composition of their treatment wetland 
closer to the ionic composition of natural lakes is an unresolved question.
The conservative ionic composition of the wetland, which exhibits high magnesium, low 
calcium, low chloride and sulphate with high bicarbonate, increases in total organic 
carbon and ammonia combined with the continuous high BOD loading of effluent within 
the system no doubt plays a role in causing a stressful environment to most aquatic 
organisms in this system. It is not the high levels of magnesium concentrations alone, 
that cause toxicity, but potentially the proportion of magnesium and other ions 
exhibiting this conservative ionic composition.
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6.1.4 Copepod mortality
There does not appear to be a toxicity effect from magnesium alone in the survival of B. 
triaticulata. The magnesium concentrations were greater in the MgCl and Mg SO42- tests 
compared to Mg concentrations in the wetland which is 100% toxic to the copepods. 
Toxicity appears to be a combination of factors such as, low chloride, sulphate, calcium, 
elevated bicarbonates limiting free carbon dioxide and precipitation of calcium 
phosphate magnesium phosphate, magnesium carbonate and calcium carbonate. The 
increased concentration of calcium from the addition of calcium chloride to 
MasterFoods Cell 5 water also reduces the toxicity of metals species and may reduce 
toxicity of magnesium due to competition of ions (Zalizniak, Kefford et al.; 2006).
The magnesium concentration is definitely a suspect ion in copepod mortality and does 
become a problem due increased pH and precipitation of carbonate complexes. There is
a range of complex factors in this unique system. The wetland system has become a set 
of facultative anaerobic ponds with high turbidity and algal production. It appears that 
the use a potential grazer for ‘Top-down’ biomanipulation to cause a shift in a turbid 
trophic state to a clear water macrophyte dominated state will not prevail in the near 
future. Criticism of using unequal sample sizes in replication during toxicity tests does 
not take away the fact that survival is obvious when calcium and chloride concentrations 
are increased in the MasterFoods wetland water. The blue food color 133 does not 
appear to be toxic to adult copepods at the concentrations tested in this research, 
however does remain in the wetland system.
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6.1.5 Submerged macrophyte mortality
Submerged macrophytes were unable to survive for long periods due to the smothering 
of biofilm, epiphytes, precipitated carbonates and the high turbidity and phytoplankton
biomass that reduces the light harvesting ability of the plants. The combination of 
unsuitable ionic composition and ion concentration (unable to be accurately balanced 
due to unknown volatile organics and in effect a methanogenic wetland system, seen 
mostly in protein digestion of foods waste, in turn would disrupt the biochemical and 
osmoregulatory pathways in protein formation in submerged plants.
Further studies on the flowering inhibition of submerged macrophytes, investigating of
flower induction to limiting free carbon dioxide and sugars to determine whether the 
MasterFoods wetland water is actually inhibiting flower induction in R. polycarpa. The 
flowering inhibition of R. polycarpa in the poly-house experiment, maybe a good 
indication of the limited free carbon-dioxide in the system, which can also be explained 
from the elevated level of bicarbonate precipitation, hence, increasing pH from Zones A 
to Zone I in the wetland. 
6.1.6 Future research
Further ecotoxicology testing survival of another zooplankton species to the 
MasterFoods wetland water and factory effluent, with a change in chemicals at the 
treatment plant may answer questions relating to changing the composition of the 
wetland. This research could include a closer look into the anoxic component of
methanogenesis and thus promotion of aerobic bacteria from emergent macrophytes. 
Methane producing bacteria combined with labored nitrification/denitrification in the 
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system also contributes to the unbalanced state of the wetland (Yuli, McDonnell et al.; 
2009).
Investigations for future research may involve closer examination of the disruption of 
the biochemical pathways of R. polycarpa involving methionine and proline production 
in protein synthesis and effects from exposure to a protein degrading effluent. This may 
also involve a more in depth study involving the assumption that flowering inhibition in 
submerged macrophytes due to limiting free CO2, and high sucrose concentrations are  
what is causing flowering inhibition as exhibited in the MasterFoods wetland water. This 
may lead the lead to way of remedy by shifting the proportion of ions and composition 
to a uniform state by the addition of chemicals (Bottom up) to the wetland water but 
may prove too costly. Overall, the MasterFoods wetland system is an anaerobic, 
methanogenic wetland lacking free carbon dioxide as it is bound to high concentrations 
of bicarbonate. The calanoid copepod B. triaticulata is unable to tolerate the wetland 
water due low calcium, chloride, sulphate and potassium and the proportion of ions
including high magnesium and carbonate. The proportion of ions in the wetlands ionic
composition of appears more important than overall total salinity.
The current project investigated adult copepods tolerance to MasterFoods factory 
effluent and wetland water. The tolerance of juvenile stages and cysts is unknown at this 
stage. 
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6.2 Recommendations
Recommendations provided to MasterFoods on their constructed wetland are based on a 
weight of evidence approach. The ‘Bottom up’ method could be employed at the 
treatment plant by the re-introduction of calcium hydroxide for a short period to increase
competition with magnesium and change the proportion of both calcium and magnesium 
ions in the composition of the wetland. An alternative is the use of potassium hydroxide
as the proportion of potassium concentration is very low when compared to that 
exhibited by Lake Colac. Recommendations on acidification of the waste stream to the 
wetland can reduce the bicarbonate levels while releasing carbon dioxide, although this
could prove too costly even from a political point of view (Gervasi; 2008).
The employment of artificial floating islands for wetland is not a new idea, however they 
can be constructed, and used in the deep sections of the wetland cells and aid uptake of 
nutrients and salts from the water column of the open water zones. The islands are 
relatively simple to create and can be constructed from sealed PVC piping to any size. A 
shade cloth covers the PVC frame and then filled with soil and emergent macrophytes.
The smaller emergent macrophytes (e.g., B. articulata) used in renovation of the 
MasterFoods wetland would be ideal as they are fast growing and spread quickly
covering large surface areas. The artificial islands provide shading that aid in disrupting 
the light availability to phytoplankton. They facilitate oxygenation, filtration and 
purification of the water body and form a three dimensional labyrinth of roots suspended 
in the water column (Hoeger; 1988). The islands create wind splash that not only aids in 
oxygenation but also to some extent mixing. When anchored in deep zones small 
windmills with water paddles can be attached for further mixing They also add to 
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aesthetics of the wetland and provide habitat for water birds and invertebrates (Girouz; 
1981).
The MasterFoods factory roof could also be employed as a catchment for rainwater. The 
water can be stored in tanks and pumped to the wetland to aid in the dilution of salts in
the wetland water
.
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Plate 19 
Maintaining moist conditions for macrophytes 
 
   
 Plate 20 
Filled Cell 3 
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Plate 21 
Filled Cell 3 and culture boxes 
 
  
Plate 22 
Drained Cell 4 
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Plate 23 
Ecotoxicology experimental set up involving B. triaticulata 
 
 
Plate 24 
Comparison of filtered effluent and Cell 5 wetland water 
 
 
 
Effluent Cell 5 water 
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Plate 25 
Poly-house pilot, Cell 4 sediment 
 
    
Plate 26 
Microcosms 
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Plate 27 
Air stones used for aeration 
 
   
Plate 28 
Biofilm lift 
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Plate 29 
Elodea canadensis 
 
 
Plate 30 
Biofilm lifting Elodea canadensis out of sediment  
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Plate 31 
Microcosm experiment P. crispus has disappeared 
 
       
         
Plate 32 
 Ruppia polycarpa microcosm set up  
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Plate 33 
R. polycarpa and aeration 
 
 
     
Plate 34 
    R. polycarpa and aeration  
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Plate 35 
Non-flowering R. polycarpa 
 
     
Plate 36 
  Flowering R. polycarpa 
 
 
 
 
Flower 
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Plate 37 
Flowering and non-flowering Ruppia polycarpa 
 
 
 
Plate 38 
Flowering and non-flowering Ruppia polycarpa 
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Plate 39 
Flowering Ruppia polycarpa 
 
    
Plate 40 
   Non-flowering Ruppia polycarpa 
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Plate 41 
Reln troughs used for Ruppia polycarpa experiment 
 
   
Plate 42 
Reln trough with added Lake Pertobe sediment 
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Plate 43 
Ruppia polycarpa planted in Reln trough 
 
 
  
Plate 44 
Reln trough filled with water 
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Plate 45  
Date: - 31/03/05 Zone 4H 
 
 
 
Plate 46 
Date: - 18/05/05 Zone 4H 
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Plate 47 
Date: - 27/07/05 Zone 4H 
 
 
 
Plate 48  
Date: - 30/11/05 Zone 4H 
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Plate 49 
Date: - 01/03/06 Zone 4H 
 
 
 
Plate 50  
Date: - 22/11/06 Zone 4H 
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Plate 51 
Date: -20/03/07 Zone 4H 
 
 
 
Plate 52 
Date: - 17/09/07 Zone 4H
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Mean Monthly BOD (mg/L) from Cell 5 in 2000 and 2001
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Figure 1-a Mean monthly BOD (mg/L) from Cell 5 in 2000 and 2001. 
 
Mean Monthly Suspended Solids (mg/L) from Cell 5 in 2000 
and 2001
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Figure 1-b Mean monthly Suspended Solids (mg/L) from Cell 5 in 2000 and 
2001 
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Mean Monthly (TDS) Total Dissolved Solids (mg/L) from Cell 5 in 2000 
and 2001
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Figure 1-c Mean monthly (TDS) Total Dissolved Solids (mg/L) from Cell 5 in 
2000 and 2001. 
 
 
Mean Monthly BOD (mg/L) from Cell 1 and Cell 5 in 2002
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Figure 1-d Mean monthly Biochemical Oxygen Demand from Cell 1 and Cell 5 
2002  
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Mean Monthly BOD (mg/L) fron Cell 1 and Cell 5 in 2003
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Figure 1-e Mean monthly Biochemical Oxygen Demand from Cell1 and Cell 5 
2003 
 
 
 
Mean montly BOD (mg/L) from Cell 1 and Cell 5 in 2004
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Figure 1-f Mean monthly Biochemical Oxygen Demand from Cell 1 and Cell 5 
2004 
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Mean Monthly BOD (mg/L) from Cell 1 and Cell 5 in 2005 
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Figure 1-g Mean monthly Biochemical Oxygen Demand from Cell1 and Cell 5 
2005 
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Figure 1-h Mean monthly Suspended Solids (SS) from Cell1 and Cell 5 2002 
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Mean Monthly Susupended Solids (mg/L) from Cell 1 and 
Cell 5 in 2003
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Figure 1-i Mean monthly Suspended Solids (SS) from Cell1 and Cell 5 2003 
 
 
 
Mean Monthly Suspended Solids (mg/L) from Cell 1 and 
Cell 5 in 2004
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Figure 1-j Mean monthly Suspended Solids (SS) from Cell1 and Cell 5 2004 
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Mean Monthly Suspended Solids (mg/L) from Cell 1 and
 Cell 5 in 2005
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Figure 1-k Mean monthly Suspended Solids (SS) from Cell1 and Cell 5 2005 
 
 
Mean Monthly Total Dissolved Solids (mg/L) from Cell 1 and 
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Figure 1-l Mean monthly Total Dissolved Solids (TDS) from Cell 1 and Cell 5 
2002 
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Mean Monthly Total Dissloved Solids (mg/L) from Cell 1 and 
Cell 5 in 2003
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Figure 1-m Mean monthly Total Dissolved Solids (TDS) from Cell 1 and Cell 5 
2003 
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Figure 1n Mean monthly Total Dissolved Solids (TDS) from Cell 1 and Cell 5 
2004 
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Mean Monthly Total Dissloved Solids (mg/L) from Cell 1 
and Cell 5 in 2005
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Figure 1o Mean monthly Total Dissolved Solids (TDS) from Cell 1 and Cell 5 
2005 
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APPENDIX C 
 
 
Table 1 Total mean survival (%) of B. triaticulata exposed to MasterFoods Cell 5 
wetland water mixed with Lake Colac Water concentration (%). Water filtered 
through 45μm, 0.45μm and 0.22μm Whatmann filter Paper  
Concentration Cell 5 
Water mixed with 
Lake Colac Water 
(%) 
Total Mean 
Percentage 
Mean Survival 
(±SEM) 
45μm Filtered 
Total Mean 
Percentage 
Mean Survival 
(±SEM) 
0.45μm Filtered 
Total Mean 
Percentage Mean 
Survival 
 (±SEM) 
0.22μm Filtered 
0 
12.8 
50 
75 
100 
87.78 ± 9.68a 
100 a 
57.70 ±14.77a 
0 b 
0 b 
98.18 ± 1.18 a 
90.65 ± 1.72 a 
52.76 ± 13.85 a  
1.11 ±1.11 b 
0 b 
98.57 ± 1.42 a  
98.18 ±1.18 a  
86.54 ±8.48 a  
49.9 ±14.76 a 
1.17 ±1.17 b 
Post hoc-Between Filter Size Percentage Mean Survival (±SEM) 
0.22μm Filter 
0.45μm Filter 
45μm Filter 
66.87 ± 8.24 a 
48.53 ±8.97a 
49.09 ±46.16 a 
* Percentage means with the same subscript is not significantly different at the 0.05 
level. Games-Howell Non-parametric post hoc test 
 
 
Table 2 Total mean percentage survival (%) of B. triaticulata: The addition of 
calcium chloride to MasterFoods Cell 5 wastewater. Games-Howell post hoc 
multiple comparisons test 
MasterFoods Water 
With CaCl Addition 
(mg/L) 
Total Mean Percentage 
Survival (±SEM) 
Test (1)  
Total Mean Percentage 
Survival (±SEM)  
Test (2) 
0 
200 
400 
600 
800 
1000 
2.05 ± 0.99 a 
23.35 ±10.55 a 
27.71 ±14.04 a 
45.07±15.81 a 
45.72 ±12.35 a 
67.47± 11.64 b 
0 a 
14.31 ± 6.90 a 
32.38 ± 9.43  a,b,c 
68.73 ± 4.14 b,c 
72.69 ± 9.87 b,c 
86.35 ± 2.61 c 
MasterFoods Water With CaCl Addition testing 
differences between the 3 tests 
Total Mean Percentage 
Survival (±SEM) 
CaCl Test (1) 
CaCl Test (2) 
35.22 ± 5.84 a 
45.76 ± 6.43 a 
* The Mean and standard errors with the same subscript are not significantly 
different (p<0.05). 
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Table 3 pH and conductivity (ppt) and their means taken before and after each of 
the two Calcium chloride trials. Calcium chloride addition to Cell 5 water. 
 
14/10/07-
16/10/07 
pH Conductivity (ppt) 
Concentration 
CaCl (mg/L) Start Finish Mean Start Finish 
 
Mean 
0 8.64 9.086 8.863 3.61 4.4 4.005 
200 8.57 8.919 8.744 4.42 4.78 4.6 
400 8.36 8.675 8.517 5.17 5.24 5.205 
600 8.18 8.691 8.435 5.98 5.57 5.775 
800 8.04 8.603 8.035 6.77 6.06 5.41 
1000 7.9 8.405 8.152 7.74 6.71 7.225 
17/10/07-
19/10/07 
pH Conductivity (ppt) 
Concentration 
CaCl (mg/L) Start Finish Mean Start Finish 
 
Mean 
0 9.086 9.16 9.123 4.4 4.27 4.34 
200 8.919 9.054 8.986 4.78 4.82 4.8 
400 8.675 8.941 8.682 5.24 5.33 5.29 
600 8.691 8.869 8.78 5.57 5.89 5.73 
800 8.603 8.993 8.798 6.06 6.54 6.3 
1000 8.405 8.852 8.628 6.71 7.41 7.05 
Concentration 
CaCl (mg/L) Total Mean pH 
Total Mean Conductivity 
(ppt) 
0 8.99 4.17 
200 8.85 4.7 
400 8.59 5.24 
600 8.6 5.75 
800 8.42 5.85 
1000 8.39 7.13 
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Table 4 Total mean percentage survival (%) of B. triaticulata exposed to caramel 
effluent mixed with Lake Colac water concentrations (%). Percentage mean and 
standard error with the same subscript are no significantly different (p<0.05). 
Games-Howell multiple comparisons Post hoc test  
MasterFoods 
Untreated caramel 
Effluent mix with 
L. Colac Water 
(%) 
Total Mean 
Percentage 
Survival (±SEM) 
(1)  
Total Mean 
Percentage 
Survival (±SEM) 
(2) 
Total Mean 
Percentage 
Survival (±SEM) 
(3) 
0 
25 
50 
75 
100 
96.92 ± 3.07 a 
20.0 ± 18.13 a/b 
0 b 
0 b 
0 b 
90.21 ± 5.20 a 
25.83 ± 12.52 b 
0 b 
0 b 
0 b 
95.46 ± 1.96 a 
98.0 ± 2.0 a 
0 b 
0 b 
0 b 
MasterFoods Untreated Effluent testing 
differences between the 3 tests 
Total Mean Percentage Survival 
(±SEM) 
Untreated Caramel tests Percentage Mean Survival (±SEM) 
Untreated caramel (1) 
Untreated caramel (2) 
Untreated caramel (3) 
23.38 ± 8.37 a 
23.21 ± 7.55 a 
38.69 ± 9.68 a 
 
 
Table 5 Total mean percentage survival (%) of B. triaticulata exposed to MMM 
effluent mixed with Lake Colac water concentrations (%). Percentage mean and 
standard error with the same subscript are no significantly different (p<0.05). 
Games-Howell multiple comparisons Post hoc test 
MasterFoods 
Untreated MMM 
Effluent mix with 
L. Colac Water 
(%) 
Total Mean 
Percentage 
Survival (±SEM) 
(1)  
Total Mean 
Percentage 
Survival (±SEM) 
(2) 
Total Mean 
Percentage 
Survival (±SEM) 
(3) 
0 
25 
50 
75 
100 
96.90 ± 1.90 a 
0 b 
0 b 
0 b 
0 b 
98.00± 2.0 a 
0 b 
0 b 
0 b 
0 b 
100  
0  
0  
0  
0  
MasterFoods Untreated MMM 
Effluent testing differences between 
the 3 tests 
Total Mean Percentage Survival 
(±SEM) 
Untreated MMM tests Percentage Mean Survival (±SEM) 
Untreated MMM (1) 
Untreated MMM (2) 
Untreated MMM (3) 
19.38 ± 8.00 a 
19.60 ± 8.00  a 
20.00 ± 8.16 a 
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Table 6 Total mean percentage survival (%) of B. triaticulata exposed to combined 
caramel and MMM effluent mixed with Lake Colac water concentrations (%). 
Percentage mean and standard error with the same subscript are no significantly 
different (p<0.05). Games-Howell multiple comparisons Post hoc test 
MasterFoods 
Untreated MMM 
& Caramel 
Effluent (%) mix 
with L. Colac 
Water 
Total Mean 
Percentage 
Survival (±SEM) 
(1)  
Total Mean 
Percentage 
Survival (±SEM) 
(2) 
Total Mean 
Percentage 
Survival (±SEM) 
(3) 
0 
25 
50 
75 
100 
100  
100  
0  
0  
0  
79.25 ± 11.40 a 
82.22 ± 6.48 a 
0 b 
0 b 
0 b 
88.83 ± 6.84 a 
86.74 ± 3.91 a 
0 b 
0 b 
0 b 
MasterFoods Untreated MMM Effluent 
testing differences between the 3 tests 
Total Mean Percentage Survival 
(±SEM) 
Untreated MMM tests Percentage Mean Survival (±SEM) 
Untreated MMM & Caramel (1) 
Untreated MMM & Caramel (2) 
Untreated MMM & Caramel (3) 
50.00 ± 10.00 a 
32.29± 8.42  a 
35.11 ± 8.89 a 
 
 
 
Table 7 Total mean percentage survival (%) of B. triaticulata exposed to 
magnesium concentration (mg/L). Magnesium hydroxide addition (mg/L). 
Percentage means and standard errors with the same subscript are not significantly 
different (p<0.05). Games-Howell multiple comparisons Post hoc test 
Total Mean Percentage Survival (±SEM) 
MgOH (mg/L) 
added to 
Untreated Water 
(1) (2) (3) 
0 
200 
400 
600 
800 
1000 
0 a 
0 a 
0 a 
0 a 
27.26 ± 15.51 a/c 
77.27 ± 8.11 b/c 
0 a 
0 a 
0 a 
0 a 
55.19 ± 13.05 a/c 
83.04 ± 4.32 b/c 
0 a 
0 a 
0 a 
3.57 ± 2.19 a 
65.08 ± 7.49 b 
84.81 ± 5.51 b 
MgOH (mg/L) added to Untreated 
Water 
Percentage Mean Survival (±SEM) 
1 
2 
3 
17.42 ± 5.903 a  
23.04 ± 6.57 a 
25.57 ± 6.73 a 
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Table 8 Magnesium concentration (mg/L) from treatments with magnesium 
hydroxide addition (mg/L). Analysis made by NATA accredited Water Quality 
Laboratory Deakin University Warrnambool 
Magnesium Hydroxide Addition to Untreated Waste Water (mg/L) 
Parameter Control 200 400 600 800 1000 
Magnesium 65 140 190 230 240 270 
 
 
 
Table 9 pH and conductivity (ppt) of Lake Colac water before and after the 
addition of magnesium hydroxide (mg/L) 
24/7/07 pH Conductivity (ppt) 
Concentration 
MgOH (mg/L) 
 
 
Before     
MgOH 
Addition 
 
After 
MgOH 
Addition 
 
Before 
MgOH 
Addition 
 
After 
MgOH 
Addition 
 
0 3.34 - 0.708 0.708 
200 3.39 5.316 0.708 1.53 
400 3.34 5.373 0.708 1.554 
600 3.34 7.004 0.708 1.761 
800 3.34 7.71 0.708 1.932 
1000 3.34 8.345 0.708 1.859 
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Table 10 pH and conductivity (ppt) and their means taken before and after each of 
the MgOH trials exposing B. triaticulata to magnesium concentrations (mg/L): 
48hour bioassay 
25.7.05- 27.7.07 pH Conductivity (ppt) 
Concentration 
MgOH (mg/L) Start finish Mean Start Finish 
Mean 
0 3.44 3.705 3.57 1.34 1.6 1.47 
200 4.197 4.718 4.44 1.67 2.11 1.89 
400 4.891 5.257 5.07 2.04 2.3 2.17 
600 6.815 6.12 6.46 2.24 2.5 2.37 
800 7.319 7.61 7.46 2.40 2.7 2.55 
1000 7.963 7.616 7.78 2.6 2.64 2.62 
27.7.05- 29.7.07 pH Conductivity (ppt) 
Concentration 
MgOH (mg/L) Start finish Mean Start Finish 
Mean 
0 4.159 4.113 4.136 1.02 1.73 1.37 
200 4.812 4.768 4.79 1.32 2.13 1.72 
400 5.392 5.571 5.481 1.48 2.4 1.94 
600 6.128 7.338 6.733 1.72 2.74 2.23 
800 7.503 7.884 7.693 1.73 2.71 2.22 
1000 7.542 7.95 7.746 1.66 2.7 2.18 
-29.7.05- 1.8.07 pH Conductivity (ppt) 
Concentration 
MgOH (mg/L) Start finish Mean Start Finish 
Mean 
0 4.113 4.25 4.181 1.73 1.98 1.85 
200 4.768 4.839 4.803 2.13 2.38 2.24 
400 5.571 5.943 5.757 2.4 2.61 2.5 
600 7.338 7.547 7.44 2.74 2.82 2.78 
800 7.884 7.796 7.84 2.71 2.85 2.78 
1000 7.95 7.915 7.932 2.7 2.8 2.75 
Total Mean pH Total Mean Conductivity (ppt) 
0 3.99 0 1.56 
200 4.67 200 1.95 
400 5.43 400 2.2 
600 6.87 600 2.46 
800 7.66 800 2.51 
1000 7.72 1000 2.51 
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Table 11 Total mean percentage survival (%) of B. triaticulata exposed to different 
pH levels. Hydrogen chloride addition to Lake Colac water. Means and standard 
errors with the same subscript are not significantly different (p<0.05). Games-
Howell multiple comparisons non-parametric post hoc test. 
Total Mean Percentage Survival (±SEM) HCL acid adjustment to Lake Colac 
water 
pH (1) (2) (3) (4) (5) 
2 
4 
6 
8 
0 a 
82.80 ± 4.54 b 
90.89 ± 5.01 b 
89.33 ± 4.09 b 
0 a 
89.35 ± 3.16 b 
82.75 ± 5.60 b 
 92.64 ± 2.19 b 
0 a 
81.01 ± 5.46 b 
74.93 ± 4.97 b 
 71.61 ± 3.06 b 
0 a 
0 a 
61.87 ± 3.49 b 
69.44 ±13.13b 
0 a 
0 a 
72.05 ± 2.44 b 
 79.54 ± 2.93 b 
pH tests Percentage Mean Survival (±SEM) 
1 
2 
3 
4 
5 
65.76 ± 8.92 a 
66.18 ± 8.94 a 
56.88 ± 7.79 a 
 32.82 ± 8.17 b 
37.79 ± 8.75 b 
 
 
 
Table 12 Analysis of Variance (ANOVA) Mean survival of B. triaticulata exposed to 
alkaline pH. Sodium hydroxide addition to Lake Colac water 
pH tests 
 d.f 
d.f 
Error 
MS 
Error MS F-value P<0.05 
pH test (1) 3 16 78.3263 9671.17 123.473 2.00E-11 
pH test (2) 3 16 57.8075 9819.86 169.872 2.40E-12 
pH test (3) 3 16 79.9412 7267.85 90.915 2.90E-10 
pH test (4) 3 16 231.086 7232.78 31.2991 6.30E-07 
pH test (5) 3 16 18.2091 9266.42 528.44 3.30E-16 
pH Total 4 95 1455.67 4904.4 3.36938 0.01266 
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Table 12 pH readings before and after the five 48hr bioassay and their means. HCL 
adjusted Lake Colac water. 
10.5.07-12.5.07 
HCL Addition to L. Colac Water (pH) 
pH Start finish Mean 
2 1.4 2.3 1.85 
4 4.3 4.5 4.4 
6 6.07 6.2 6.13 
Control 8.9 8.3 8.6 
13.5.07-15.5.07 
HCL Addition to L. Colac Water (pH) 
pH Start finish Mean 
2 2.3 2.2 2.25 
4 4.5 6.3 5.4 
6 6.2 8.3 7.25 
Control 8.3 8.7 8.5 
15.5.07-17.5.07 
HCL Addition to L. Colac Water (pH) 
pH Start finish Mean 
2 2.3 2.3 2.3 
4 4.5 6.7 5.6 
6 6.2 8.3 7.25 
Control 8.3 8.8 8.55 
28.5.07-30.5.07 
HCL Addition to L. Colac Water (pH) 
pH Start finish Mean 
2 2.0 2.16 2.08 
4 4.0 4.36 4.18 
6 6.0 6.4 6.2 
Control 8.3 8.88 8.44 
28.5.07-30.5.07 
HCL Addition to L. Colac Water (pH) 
pH Start finish Mean 
2 2.013 2.26 2.13 
4 4.007 4.38 4.19 
6 6.098 6.4 6.25 
Control 8.76 8.98 8.87 
pH Total Mean pH 
2 1.67 
4 5.05 
6 6.61 
Control 8.59 
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Table 13 Total mean survival of B. triaticulata exposed to different levels of pH. 
0.01% sodium hydroxide addition to Lake Colac water. Means and standard errors 
with the same subscript are not significantly different (<0.05). Games-Howell non-
parametric post hoc test. 
Total Mean Survival (±SEM) NaOH acid adjustment to Lake Colac water 
Test (1) Mean pH Test (2) Mean 
pH 
Test (3) Mean 
pH 
10 a 
10 a 
10 a 
1.8 ± 0.2 b 
0 c 
8.38 
8.81 
9.44 
10.17 
11.23 
10 a 
9.4 ±0. 34 a 
6.8 ± 1.72 b 
0 c 
0 c 
8.42 
8.85 
9.41 
10.55 
11.44 
10 a 
9.8 ± 0.2 a 
7 ± 0.44 b 
0 c 
0 c 
8.41 
8.95 
9.61 
10.54 
11.09 
 
 
 
 
 
 
Table 14 Analysis of Variance (ANOVA) Mean survival of B. triaticulata exposed to 
alkaline pH. Sodium hydroxide addition to Lake Colac water.  
pH tests 
 d.f 
d.f 
Error 
MS 
Error MS F-value P<0.05 
pH test (1) 4 20 0.040 126.240 3156.000 0.000 
pH test (2) 4 20 3.300 121.640 36.861 0.000 
pH test (3) 4 20 0.240 131.840 549.333 0.000 
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Table 15 pH and conductivity means taken before and after each of the three trials 
exposing B. triaticulata to alkaline pH levels. Sodium hydroxide addition to Lake 
Colac water. 
Test (1) pH Conductivity (ppt) 
pH Start finish Mean Start Finish Mean 
8 8.349 8.42 8.38 5.41 5.21 5.31 
9 9.144 8.482 8.81 5.4 5.55 5.475 
10 10.013 8.859 9.44 5.41 5.38 5.395 
11 11.002 9.336 10.17 5.57 5.55 5.56 
12 12.026 10.43 11.23 6.72 5.7 6.21 
Test (2) pH Conductivity (ppt) 
pH Start finish Mean Start Finish Mean 
8 8.42 8.427 8.42 5.41 6.02 5.72 
9 9.087 8.615 8.85 5.55 6.19 5.87 
10 10.009 8.807 9.41 5.7 5.21 5.455 
11 11.032 10.075 10.55 6.02 6.74 6.38 
12 12.142 10.747 11.44 8.51 7.61 8.06 
Test (3) pH Conductivity (ppt) 
pH Start finish Mean Start Finish Mean 
8 8.427 8.388 8.41 6.02 6.22 6.12 
9 9.223 8.672 8.95 6.22 6.26 6.24 
10 10.106 9.11 9.61 6.36 6.4 6.38 
11 11.039 10.044 10.54 7.29 7.24 7.27 
12 11.96 10.219 11.09 9.92 8.69 9.3 
pH Total Mean pH Total Mean Conductivity (ppt) 
8 8.33 5.71 
9 8.69 5.86 
10 9.38 5.74 
11 10.42 6.4 
12 11.25 7.85 
 
 
 
 
 
 
 
 
 
 
 
 61 
 
 
 
 
 
 
Table 16 Total mean percentage survival (%) and standard errors (±SEM) of B. 
triaticulata exposed to increasing Magnesium Chloride addition to Lake Colac 
water. Percentage means and standard errors with the same subscript are not 
significantly different (Student –Newman Keuls Test (significance = 0.05) 
 
pH 7 Percentage Mean Survival (±SEM) 
MgCl (g/L) added 
to Lake Colac 
Water 
(1) (2) (3) 
0 
6.683g/L 
8.354g/L 
96.12 ± 1.73 a 
82.20 ± 4.19 b 
53.25 ± 6.36 c 
99.16 ± 0.83 a 
65.19 ± 15.09 a 
57.88 ± 6.63 b 
98.91 ± 0.66 a 
91.59 ± 1.45 b 
85.17 ± 2.74 c 
pH 8 Percentage Mean Survival (±SEM) 
MgCl (g/L) added 
to Lake Colac 
Water 
(1) (2) (3) 
0 
6.683g/L 
8.354g/L 
98.91 ± 0.66 a 
94.67 ± 1.20 a 
77.94 ± 4.08 b 
96.12 ± 1.73 a 
89.83 ± 5.23 a 
34.28 ± 5.44 b 
99.16 ± 0.83 a 
90.42 ± 2.38 a 
39.20 ± 9.89 b 
All MgCl Combined pH7 pH8 
1 
2 
3 
77.19 ± 5.34 a 
74.06 ± 7.00 a 
91.89 ± 1.79 a 
73.41 ± 7.80 a 
76.26 ± 7.73 a 
90.51 ± 2.76 a 
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Table 17 pH and conductivity readings and their means taken before and after 
each of the three trials exposing B. triaticulata to magnesium concentrations. 
Magnesium chloride addition to Lake Colac water. 
Date 22.8.07- 25.8.07 pH Conductivity (ppt) 
Addition to L. Colac 
Water. Test 1 
MgCl (g/L) Start finish Mean Start Finish 
 
Mean 
Control  8.977 8.652 8.814 9.67 10.22 9.945 
pH 7(1) 6.683g/L 7.014 8.305 7.682 14.76 15.04 14.9 
pH 7 (2) 8.354g/L 7.01 8.201 7.605 16.74 16.53 16.63 
pH 8(1) 6.683g/L 8.042 8.422 8.232 14.97 15.27 15.12 
pH 8 (2) 8.354g/L 8.048 8.459 8.253 16.24 16.53 16.38 
Date 25.8.07- 27.8.07 pH Conductivity (ppt) 
Test 2 
MgCl (g/L) Start finish Mean Start Finish 
 
Mean 
Control  8.657 8.368 8.512 10.56 11.95 11.255 
pH 7(1) 6.683g/L 6.923 8.06 7.491 15.34 16.89 16.115 
pH 7 (2) 8.354g/L 6.64 8.077 7.358 16.64 18.28 17.46 
pH 8(1) 6.683g/L 7.811 8.21 8.01 14.41 16.59 15.5 
pH 8 (2) 8.354g/L 7.825 8.166 7.995 16.62 18.06 17.34 
Date 28.8.07- 30.8.07 pH Conductivity (ppt) 
Test 3 
MgCl (g/L) Start finish Mean Start Finish 
 
Mean 
Control  8.728 8.599 8.663 10.38 11.81 11.095 
pH 7(1) 6.683g/L 6.961 8.176 7.568 14.95 16.95 15.95 
pH 7 (2) 8.354g/L 7.001 8.094 7.547 16.35 18.53 17.44 
pH 8(1) 6.683g/L 7.964 8.255 8.109 15.25 16.55 15.9 
pH 8 (2) 8.354g/L 7.904 8.28 8.092 16.71 17.67 17.19 
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Table 18 Total mean percentage survival (%) and standard error (±SEM) of B. 
triaticulata exposed to increasing Magnesium Sulphate (mg/L) addition to Lake 
Colac water. Percentage means with the same subscript are not significantly 
different (Student –Newman Keuls Test (significance = 0.05) 
 
pH 7 Percentage Mean Survival (±SEM) 
MgSO4 (g/L) 
added to Lake 
Colac Water 
Test (1) Test (2) Test (3) 
0 
8.105g/L 
10.131g/L 
97.39 ± 2.60 a 
91.60 ± 3.81 a 
55.25 ± 16.44 b 
100 a 
93.59 ± 4.03 a 
76.54 ± 1.57 b 
98.01± 0.86 a 
97.04 ± 1.85 a 
85.19 ± 2.74 b 
pH 8 Percentage Mean Survival (±SEM) 
MgSO4 (g/L) 
added to Lake 
Colac Water 
Test (1) Test (2) Test (3) 
0 
 8.105g/L 
10.131g/L 
97.39 ± 2.60 a 
73.47 ± 9.89 a 
79.59 ± 4.25 a 
100 a 
93.92 ± 1.85 a/b 
87.14 ± 3.51 b 
98.01 ± 0.86 a 
92.7 ±2.54 a/b 
87.54 ± 1.97 b 
All MgSO4 Combined pH7 pH8 
Test 1 
Test 2 
Test 3 
81.41 ± 2.1 a 
90.04 ± 2.8 a 
93.41 ±1.81 b 
83.48 ± 4.36 a 
93.68 ± 1.86 b 
92.75 ± 1.53 b 
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Table 19 pH and conductivity readings and their means taken before and after 
each of the three trials exposing B. triaticulata to magnesium concentrations (g/L). 
Magnesium Sulphate addition to Lake Colac water 
 
Date 27.8.07- 29.8.07 pH Conductivity (ppt) 
Addition to L. Colac 
Water. Test 1 
MgSO4 (g/L) Start finish Mean Start Finish 
 
Mean 
Control 8.946 8.615 8.78 9.47 10.95 10.21 
pH 7 (1) 8.105g/L 7.009 8.341 7.675 12.33 14.2 13.26 
pH 7 (2) 10.131g/L 7.003 8.26 7.631 13.72 15.4 14.56 
pH 8 (1) 8.105g/L 7.964 8.399 8.181 12.19 14.42 13.3 
pH 8 (2) 10.131g/L 8.036 8.384 8.21 13.06 14.85 13.95 
Date 29.8.07- 01.9.07 pH Conductivity (ppt) 
Test 2 
MgSO4 (g/L) Start finish Mean Start Finish 
 
Mean 
Control 8.946 8.471 8.708 11.1 11.68 11.45 
pH 7 (1) 8.105g/L 7.005 8.45 7.727 14.23 14.73 14.48 
pH 7 (2) 10.131g/L 7.007 8.465 7.736 15.4 15.29 15.34 
pH 8 (1) 8.105g/L 8.056 8.385 8.22 14.54 14.82 14.68 
pH 8 (2) 10.131g/L 8.036 8.483 8.259 14.9 15.17 15.03 
Date 01.9.07- 03.9.07 pH Conductivity (ppt) 
Test 3 
MgSO4 (g/L) Start finish Mean Start Finish 
 
Mean 
Control 8.471 8.65 8.56 11.68 11.36 11.52 
pH 7 (1) 8.105g/L 7.2 8.551 7.87 14.9 14.48 14.69 
pH 7 (2) 10.131g/L 7.001 8.403 7.702 15.41 14.98 15.19 
pH 8 (1) 8.105g/L 7.983 8.53 8.256 14.85 14.55 14.7 
pH 8 (2) 10.131g/L 7.96 8.546 8.253 15.28 15.05 15.16 
 
 
 
Table 20 Mean percentage survival of B. triaticulata exposed to blue food dye 133 
(μl/L) Student-Newmann-Keuls non-parametric test. Means and standard error 
with the same subscript are not significantly different (p<0.05) 
 Tests Percentage Mean Survival (±SEM) 
Color 133 (μg/L) (1) (2) (3) 
0 
3.125 
6.25 
12.5 
25 
50 
10 a 
10 a 
10 a 
9.6 ± 0.24 a 
9.8 ± 0.2 a 
9.4 ± 0.89 a 
10 a 
9.6 ± 0.24 a 
9.8 ± 0.2 a 
9.8 ± 0.2 a 
9.8 ± 0.2 a 
9.8. ± 0.2 a 
10 a 
9.2 ± 0.37 a 
9.4 ± 0.4 a 
9.6 ± 0.24 a 
9.4 ± 0.24 a 
9.6 ± 0.24 a 
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Table 21 pH and conductivity means taken before and after each of the three 48hr 
trials exposing B. triaticulata to concentrations (μl/L) of Blue food color 133. 
Date 24.6.09-
26.6.09 
pH Conductivity (ppt) 
Concentration 
Blue Food Dye 133 
(μl/L) Start finish Mean Start Finish 
 
 
Mean 
0 8.663 8.63 8.646 4.79 4.82 4.8 
3.125 8.813 8.576 8.694 4.81 4.81 4.81 
6.25 8.72 8.67 8.695 4.83 4.77 4.8 
12.5 7.69 8.653 8.171 4.82 4.87 4.845 
25 8.659 8.65 8.654 4.77 4.82 4.795 
50 8.659 8.779. 8.719 4.78 4.98 4.88 
Date 3.7.09-5.7.09 pH Conductivity (ppt) 
Concentration 
Blue Food Dye 133 
(μl/L) Start finish Mean Start Finish 
 
 
Mean 
0 8.73 8.753 8.741 4.12 4.12 4.12 
3.125 8.769 8.673 8.716 4.52 4.59 4.55 
6.25 7.79 8.672 8.231 4.51 4.63 4.57 
12.5 8.757 8.57 8.663 4.54 4.66 4.6 
25 8.797 8.81 8.803 4.64 4.8 4.72 
50 8.781 8.653 8.717 4.69 4.91 4.8 
Date 6.7.09-8.7.09 pH Conductivity (ppt) 
Concentration 
Blue Food Dye 133 
(μl/L) Start finish Mean Start Finish 
 
 
Mean 
0 8.725 8.78 8.752 4.31 4.67 4.49 
3.125 8.689 8.778 8.733 4.30 4.83 4.56 
6.25 8.683 8.756 8.719 4.31 4.61 4.46 
12.5 8.668 8.508 8.588 4.3 4.65 4.475 
25 8.781 8.786 8.783 4.3 4.58 4.44 
50 8.784 8.79 8.787 4.3 4.57 4.43 
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Table 22 Total mean survival of B. triaticulata exposed to Blue food color 133 
concentrations (μl/L). Mean and standard errors with the same subscript are not 
significantly different (p<0.05). Student Newmann-Keuls non-parametric post hoc 
test 
Color 133(μg/L) Tests Percentage Mean Survival (±SEM) 
0 
50 
100 
150 
200 
500 
10 a 
9.8 ± 0.5 a 
9.6 ± 0.24 a 
9.6 ± 0.24 a 
9.2 ± 0.37 a 
9.4 ± 0.4 a 
 
 
Table 23 pH and conductivity and their means taken before and after each of the 
three 48hr trial exposing B. triaticulata to concentrations (μl/L) of Blue food color 
133. 
Date 28.12.09-30.12.09 pH Conductivity (ppt) 
Concentration 
Blue Food Dye 133 
(μl/L) Start finish Mean Start Finish 
 
 
Mean 
0 8.294 8.185 8.2395 4.66 4.64 4.65 
50 8.315 8.327 8.321 4.73 4.73 4.73 
100 8.295 8.307 8.301 4.65 4.71 4.68 
150 8.237 8.342 8.2895 4.67 4.65 4.66 
200 8.221 8.26 8.2405 4.61 4.56 4.585 
500 8.245 8.296 8.2705 4.59 4.47 4.53 
 
 
Table 24 ANOVA (Analysis of variance) of survival of B. triaticulata within and 
between treatments of increasing concentrations (μl/L) of blue food dye 133 
Blue Food Dye 133 d.f 
d.f 
Error MS Error MS F-value P<0.05 
Color (1) 3.125μl-50μl 5 24 0.100 0.160 1.600 0.213 
Color (2) 3.125μl-50μl 5 24 .0183 0.080 0.436 0.819 
Color (3) 3.125μl-50μl 5 24 0.400 0.373 0.933 0.477 
Color (4) 50μl-500μl 5 24 0.383 0.400 1.043 0.415 
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 Table 25 ANOVA (Analysis of variance) of survival of B. triaticulata 
ecotoxicology tests
Table 25 Analysis of Variance (ANOVA) 
Test df 
d.f 
Error MS Error MS F-value P<0.05 
45 Filter 4 20 312.14 11228.2 35.97151 7.20E-09 
0.45 Filter 4 20 199.44 11075.9 55.53358 1.5E-10 
0.22 Filter 4 20 296.754 8719.6 29.3833 4.00E-08 
Total 2 72 1948.07 2721.76 1.3969 0.25399 
CaCl 5 24 706.507 2545.03 3.60227 0.01428 
CaCl 5 24 215.206 6168.31 28.6624 2.20E-09 
CaCl 5 24 407.608 1026.7 2.51885 0.05722 
Total  2 87 962.482 4608.11 4.97377 0.00901 
MgOH 5 24 255.582 4892.82 19.1439 1.10E-07 
MgOH 5 24 157.675 6758.18 42.8616 3.40E-11 
MgOH 5 24 76.2012 7516.61 98.6416 3.40E-15 
Total 2 87 1236.61 522.57 0.42248 0.65669 
pH Acidic conditions 3 16 78.3263 9671.17 123.473 2.00E-11 
pH  Acidic conditions 3 16 57.8075 9819.86 169.872 2.40E-12 
pH  Acidic conditions 3 16 79.9412 7267.85 90.915 2.90E-10 
pH  Acidic conditions 3 16 231.086 7232.78 31.2991 6.30E-07 
pH  Acidic conditions 3 16 18.2091 9266.42 528.44 3.30E-16 
Total 4 95 1455.67 4904.4 3.36938 0.01266 
Untreated Caramel 4 20 338.462 26.3734 26.0734 1.10E-07 
Untreated Caramel 4 20 184.003 7641.42 41.5289 2.00E-09 
Untreated Caramel 4 20 7.84321 14039.4 1790.22 3.10E-25 
Total 2 72 1842.87 26743.1 1.0723 3.48E-01 
Untreated mmm 4 20 3.62812 9390.53 2588.27 7.80E-27 
Untreated mmm 4 20 4 9604 2401 1.60E-26 
Untreated mmm 4 20 0 15000 NA NA 
Total 2 72 1612.93 2.46334 0.00153 9.98E-01 
Untreated car & mmm 4 20 0 15000 NA NA 
Untreated car & mmm 4 20 172.202 9783.61 56.814 1.20E-10 
Untreated car & mmm 4 20 62.1688 11562.9 185.992 1.60E-15 
Total 2 72 2084.36 379.881 0.18225 0.83377 
MgCl pH 7 2 12 101.806 2391.77 23.3924 7.10E-05 
MgCl pH 7 2 12 454.352 2428.57 5.34513 0.02188 
MgCl pH 7 2 12 16.8227 236.369 14.0506 0.0072 
Total 2 42 4015.107 278.964 13.843 0.000 
MgCl pH 8 2 12 100.058 5792.14 52.8877 6.90E-07 
MgCl pH 8 2 12 173.172 5246.91 30.2046 2.10E-05 
MgCl pH 8 2 12 41.1395 567.382 13.7917 0.00078 
Total 2 42 10003.544 225.607 44.341 0.000 
MgS04 pH 7 2 12 486.169 2608.22 5.36485 2.17E-02 
MgS04 pH 7 2 12 31.322 734.077 23.4365 7.20E-05 
MgS04 pH 7 2 12 19.5132 254.889 13.0624 0.00097 
Total 2 42 2937.435 212.203 13.843 0.000 
MgS04 pH 8 2 12 904.916 771.874 3.76678 0.05375 
MgS04 pH 8 2 12 26.3975 206.794 7.83385 0.0666 
MgS04 pH 8 2 12 18.5403 136.965 7.38739 0.0081 
Total 2 42 107.954 824.993 7.642 0.001 
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Calculations were made to obtain a concentration gradient of approximately  800 
mg/L and 1000 mg/L of Mg.   
Calculations are as follows:- 
The molecular weight of MgCl2:6H2O = 24.312 + 35.45 + 12+95.94 = 203.15 
Mg = 24.312  =    0.1197 
          203.15 
 
800      mg of Mg per Liter =  6.683 = 6.683 g salt per Liter 
0.1197                                      1000 
 
  1000   mg of Mg per Liter =  8354.1= 8.354 g salt per Liter 
 0.1197                                     1000 
 
 
 
Calculations were made to obtain a concentration of approximately 800 mg/L and 
1000 mg/L of Mg.  
 
Calculations are as follows:- 
 
The molecular weight of MgSO4:7H2O = 24.32 + 32.064 + 15.99 +15.99 +15.99 +15.99 
+14 + 111.95 = 246.28 
 
Mg = 24.312  = 0.0987    
           246.26 
 
800      mg of Mg per Liter = 8.105 g salt per Liter 
0.0987 
 
  1000   mg of Mg per Liter = 10.131 g salt per Liter 
0.0987 
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APPENDIX D 
 
 
Table 4-1 Total mean (±SEM) Physical and Chemical Features of water from 
32L containers with R. polycarpa planted in Lake Pertobe sediment and exposed 
to Lake Pertobe water as the control (C) versus dates sampled. Means with the 
same subscript are not significantly different (Games-Howell multiple 
comparisons post hoc significance =P< 0.05) 
Date 
 
Log 
Turbidity  
(ntu) 
Chl α 
(μg/L) 
Dissolved 
Oxygen 
(mg/L) 
pH 
28.2.06 
07.3.06 
19.3.06 
28.3.06 
1.462 ± 0.16 a 
1.562 ± 0.3 a 
1.662 ± 0.3 a 
1.605 ± 0.33 a 
113.32 ± 10.53 a 
131.55 ± 17.8 a 
98.85 ± 19.67 a 
106.5 ± 10.04 a 
10.4 ± 0.83 a 
10.32 ± 1.54 a 
10.35 ± 1.64 a 
9.5 ± 1.32 a 
9.43 ± 0.06 a 
9.61 ± 0.08 a 
9.38 ± 0.06 a 
9.46 ± 0.07 a 
Date Temperature 
(ºC) 
ORP 
(mV) 
Salt 
(ppt) 
Conductivity 
(μs/cm) 
28.2.06 
07.3.06 
19.3.06 
28.3.06 
22.1 ± 0.78 a 
20.16 ± 0.52 a 
20.55 ± 0.49 a 
19.48 ± 0.15 a 
449.5 ± 1.89 a 
449.5 ± 1.84 a 
450.5 ± 1.84 a 
450.5 ± 3.69 a 
1.91 ± 0.12 a 
2.21 ± 0.08 a 
2.23 ± 0.06 a 
2.31 ± .08 a 
3909 ± 18.4 a 
4171.75 ± 104.67 a 
4412.5 ± 90.9 a 
4443.75 ± 73.03 a 
 
 
Table 4-2 Total Mean (±SEM) Physical and Chemical Features of water from 
32L tanks with R. polycarpa planted in Cell 4 sediment and exposed to Cell 4 
wetland water (RMM) versus dates sampled. Means with the same subscript are 
not significantly different (Games-Howell multiple comparisons post hoc 
significance =P< 0.05) 
Sample 
Date 
 
Log 
Turbidity  
(ntu) 
Chl α 
(μg/L) 
Dissolved 
Oxygen (mg/L) 
pH 
28.2.06 
07.3.06 
19.3.06 
28.3.06 
2.47± 0.017 a 
2.15 ± 0.08 a 
    2.09  ± 0.27 a 
1.73 ± 0.12 b 
425.25 ± 47.73 a 
305.8 ± 20.35 a 
243.9 ± 20.01 a 
263.77 ± 52.5 a 
10.02 ± 1.37 a/b 
12.15 ± 0.13 a 
15.37 ± 2.67 a/b 
8.7 ± 0.22 b/a 
9.45± 0.15 a 
9.32± 0.3 a 
9.37± 0.02 a 
9.67± 0.01 b 
Date Temperature 
(ºC) 
ORP 
(mV) 
Salt 
(ppt) 
Conductivity 
(μs/cm) 
28.2.06 
07.3.06 
19.3.06 
28.3.06 
22.32± 0.22 c 
18.58 ± 0.29 a 
20.55 ± 0.038 b 
18.24 ± 0.28 a 
151.75 ± 0.1 a 
431.5 ± 100.22 a 
474.25 ± 1.97 b/a 
181 ± 5.67 c/a 
2.11 ± 0.07 a 
2.04 ± 0.08 a 
1.95 ± 0.06 b 
2.39 ± 0.06 a 
3655 ± 134.81 a 
3923.5 ± 112.07a 
3832.75 ± 113.73a 
4109.5 ± 99.99 a 
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Table 4-3 Total means and standard errors (±SEM) of the Physical and 
Chemical Features of water from 32L containers with R. polycarpa planted in 
Lake Pertobe sediment and exposed to Cell 4 water (RMP) versus dates 
sampled. Means with the same subscript are not significantly different (Games-
Howell multiple comparisons post hoc significance =P< 0.05) 
 
Date 
 
Log 
Turbidity  
(ntu) 
Chl α 
(μg/L) 
Dissolved 
Oxygen 
(mg/L) 
pH 
28.2.06 
07.3.06 
19.3.06 
28.3.06 
2.15 ± .09 a 
1.95 ± 0.15a 
    1.38 ± 0.19a 
1.82 ± 0.18 a 
180.5 ± 11.21 b/c 
124.55 ± 20.78 b 
40.65 ± 17.84 a 
315.3 ± 40.31 c 
7.57 ± 0.84 a 
10.6 ± 0.47 a 
11.12 ± 1.29 a 
9.35 ± 0.27  a 
9.44 ± 0.05 a 
9.16 ± 0.01 b 
9.15 ± 0.01 b 
9.54 ± 0.11 a/b 
Date Temperature 
(ºC) 
ORP 
(mV) 
Salt 
(ppt) 
Conductivity 
(μs/cm) 
28.2.06 
07.3.06 
19.3.06 
28.3.06 
22.53 ± 0.21 a 
19.21 ± 0.05 b 
21.47 ± 0.16 c 
19.2 ± 0.68 b/c 
-29.75 ± 14.56 a 
516.5 ± 1.84 b 
474 ± 0.57 c 
122 ± 118.29 a/b/c 
2.08 ± 0.11 a 
2.26 ± 0.04 a 
2.29 ± 0.07 a 
2.65 ± 0.12 a 
3592.5 ± 170.43a 
4419.75 ± 71.79 b 
4486.75 ± 125.05 b 
4640.75 ± 141.13 b 
 
 
Table 4-4 Total mean (±SEM) Physical and Chemical Features of water from 
32L tanks with R. polycarpa planted in Lake Pertobe sediment and exposed to 
Lake Colac water (RPC) versus dates sampled. Means with the same subscript 
are not significantly different (Games-Howell multiple comparisons post hoc 
significance =P< 0.05) 
 
Date 
 
Log 
Turbidity  
(ntu) 
Chl α 
(μg/L) 
Dissolved 
Oxygen (mg/L) 
pH 
28.2.06 
07.3.06 
19.3.06 
28.3.06 
1.54 ± 0.029 a 
0.42 ± 0.18 b 
1.22 ± 0.23 a 
1.39 ± 0.13 a 
10.65 ± 0.98  a 
9.32 ± 0.48 a 
8.19 ± 0.43  a 
15.02 ± 2.63 a 
6.7 ± 0.09 a/b 
7.42 ± 1.29 a/b/c 
10.1 ± 0.42 b/c 
8.85 ± 0.35  c 
9.01 ± 0.008 a 
8.66 ± 0.02 b/a 
8.77 ± 0.19 a/c 
9.34 ± 0.02 c/a 
Date Temperature 
(ºC) 
ORP 
(mV) 
Salt 
(ppt) 
Conductivity 
(μs/cm) 
28.2.06 
07.3.06 
19.3.06 
28.3.06 
23.56 ± 1.25 a 
18.75 ± 0.23 a 
20.4 ± 0.4 b/a 
18.52 ± 0.26 c/a 
44.75 ± 1.93 a 
515.5 ± 0.86 c 
485.25 ± 0.47b 
50.5 ± 4.73 d/a 
3.94 ± 0.03 a 
3.92 ± 0.05 a 
3.73 ± 0.03 b 
4.63 ± 0.12 c 
6586.25 ± 39.18 a 
7430.75 ± 87.16c/b 
7127.25 ± 48.94 b/c 
7711 ± 140.78 d/c 
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Table 4-5 Analysis of Variance of Physical and Chemical features of water from 
32L containers with R. polycarpa planted in Lake Pertobe sediment and exposed 
to Lake Pertobe water as the control (C) versus dates samples 
Physical/Chemistry d.f 
d.f 
Error MS Error MS F-value P<0.05 
Turbidity (ntu) Log 3 12 0.326 0.029 0.088 0.965 
Chlorophyll α (μg/L) 3 12 622.494 781.191 1.255 0.334 
Dissolved Oxygen (mg/L) 3 12 7.579 0.758 0.100 0.958 
pH 3 12 0.021 0.041 1.977 0.171 
Conductivity (μs/cm) 3 12 24895.875 247142.833 9.927 0.005 
Oxidation/Reduction  (mV) 3 12 13.833 1.333 0.96 0.961 
Salt (ppt) 3 12 .017 1.25 7.418 0.001 
Temperature (ºC) 3 12 1.166 4.946 4.243 0.29 
 
 
Table 4-6 Analysis of Variance of Physical and Chemical features of water from 
32L containers with R. polycarpa planted in Cell 4 sediment and exposed to  
Cell 4 wetland water (RMM) versus dates samples 
Physical/Chemistry d.f 
d.f 
Error MS Error MS F-value P<0.05 
Turbidity (ntu) 3 12 0.103 0.322 3.115 0.070 
Chlorophyll α (μg/L) 3 12 5850.571 26407.676 4.514 0.024 
Dissolved Oxygen (mg/L) 3 12 9.089 33.917 3.732 0.042 
pH 3 12 0.002 0.098 51.165 0.000 
Conductivity (μs/cm) 3 12 53668.896 143226.563 2.669 0.095 
Oxidation/Reduction (mV) 3 12 10081.375 111231.75 11.033 0.001 
Salt (ppt) 3 12 0.021 0.146 68.43 0.006 
Temperature (ºC) 3 12 0.368 14.333 38.993 0.000 
 
Table 4-7 Analysis of Variance of Physical and Chemical features of water from 
32L containers with R. polycarpa planted in Lake Pertobe sediment and exposed 
to Cell 4 water (RMP) versus dates samples 
Physical/Chemistry d.f 
d.f 
Error MS Error MS F-value P<0.05 
Turbidity (ntu) Log 3 12 0.104 0.420 4.032 0.034 
Chlorophyll α (μg/L) 3 12 2501.573 53238.953 21.282 0.000 
Dissolved Oxygen (mg/L) 3 12 2.704 9.964 3.685 0.043 
pH 3 12 0.016 0.158 9.635 0.002 
Conductivity (μs/cm) 3 12 69758.938 886633.229 12.71 0.000 
Oxidation/Reduction (mV) 3 12 14208.646 285507.229 20.094 0.000 
Salt (ppt) 3 12 0.034 0.229 6.765 0.006 
Temperature (ºC) 3 12 0.551 11.178 20.293 0.000 
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Table 4-8 Analysis of Variance of Physical and Chemical features of water from 
32L containers with R. polycarpa planted in Lake Pertobe sediment and 
exposed to Lake Colac water (RPC) versus dates samples 
Physical/Chemistry d.f 
d.f 
Error MS Error MS F-value P<0.05 
Turbidity (ntu) Log 3 12 0.110 0.984 8.946 0.002 
Chlorophyll α (μg/L) 3 12 99.882 107.502 4.305 0.028 
Dissolved Oxygen (mg/L) 3 12 1.990 9.152 4.6 0.023 
pH 3 12 0.038 0.358 9.346 0.002 
Conductivity (μs/cm) 3 12 31350.521 927446.729 29.583 0.000 
Oxidation/Reduction (mV) 3 12 27.125 273942.167 10099.25 0.000 
Salt (ppt) 3 12 0.019 0.625 33.216 0.000 
Temperature (ºC) 3 12 1.873 21.666 11.571 0.001 
 
 
Table 4-9 Analysis of Variance of Physical and Chemical features: A 
comparison of the differences of the Physical and Chemistry features between 
the four treatments over time 
Physical/Chemistry d.f 
d.f 
Error MS Error MS 
F-
value P<0.05 
Turbidity (ntu) Log 3 60 .222 2.471 11.151 .000 
Chlorophyll α (μg/L) 3 60 5414.326 256160.421 47.312 .000 
Dissolved Oxygen (mg/L) 3 60 7.047 27.850 3.952 .012 
pH 3 60 .048 .975 20.211 .000 
Conductivity (μs/cm) 3 60 154331.444 3.832E7 248.300 .000 
ORP (mV) 3 60 38649.065 123518.852 3.196 .030 
Temperature 3 60 3.410 1.971 .578 .632 
salt 3 60 .082 13.573 165.777 .000 
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Table 4-10 Total mean and standard error (±SEM) of the Physical and 
Chemical features of water between treatments on dates sampled. Means with 
the same subscript are not significantly different (Games-Howell post hoc Test 
(significance =P< 0.05).  
Log Turbidity (ntu) 
Date 28.2.06 7.3.06 19.3.06 28.3.06 
Control 1.462 ± 0.16 a 1.562 ± 0.3 a 1.662 ± 0.3 a 1.605 ± 0.33 a 
RMM 2.47± 0.017 a 2.15 ± 0.08 a     2.09  ± 0.27 a 1.73 ± 0.12 b 
RMP 2.15 ± .09 a 1.95 ± 0.15a     1.38 ± 0.19 a 1.82 ± 0.18 a 
RPC 1.54 ± 0.029 a 0.42 ± 0.18 b 1.22 ± 0.23 a 1.39 ± 0.13 a 
Chlorophyll a (μg/l) 
Date 28.2.06 7.3.06 19.3.06 28.3.06 
Control 113.3 ± 10.5 b 131.6 ± 17.8 b 98.8 ± 9.7 b 106.5 ± 10 a 
RMM 425.2 ± 47.7 c 305.8 ± 20.4 c 243.9 ± 20 c 263.8± 52.5 b 
RMP 180.5 ± 11.2 b 124.6 ± 20.8 b 40.7± 17.8 a 315.3± 40.3 b 
RPC 10.7 ± 0.98 a 9.3± 0.48 a 8.2 ± 0.4 a 15 ± 2.6 a 
Dissolved Oxygen (mg/L) 
Date 28.2.06 7.3.06 19.3.06 28.3.06 
Control 10.4 ± 0.83 a 10.32 ± 1.54 a/b 10.35 ± 1.64 a 9.5 ± 1.32 a 
RMM 10.02 ± 1.37 a 12.15 ± 0.13 c 15.37 ± 2.67 a 8.7 ± 0.23 a 
RMP 7.57 ± 0.84 a 10.6 ± 0.47 a/c 11.2 ± 1.26 a 9.57 ± 0.4 a 
RPC 6.7 ± 0.09 a 7.42 ± 1.29 a 10.1 ± 0.42 a 8.85 ± 0.35 a 
pH 
Date 28.2.06 7.3.06 19.3.06 28.3.06 
Control 9.43 ± 0.62 b 9.61 ±  0.08 d 9.38 ± 0.05 b 9.46 ± 0.07 a 
RMM 9.45 ± .01 b 9.32 ± 0.03 c 9.37 ± 0.02 b 9.67 ± 0.01 b 
RMP 9.44 ± .04 b 9.16 ± 0.01 b 9.17 ± 0.01 b 9.65 ± 0.02 b 
RPC 9.01 ± .008 a 8.66 ± 0.02 a 8.7 ± 0.19 a 9.34 ± 0.02 a 
Temperature (ºC) 
Date 28.2.06 7.3.06 19.3.06 28.3.06 
Control 22.1± 0.78 a 20.1 ±  0.52 b 20.5 ± 0.49 a 19.48 ± 0.14 a 
RMM 22.32 ± 0.22 a 18.58 ± 0.29 a 20.5 ± 0.38 a 18.24 ± 0.28 b 
RMP 22.53 ± 0.21 a 19.21± 0.05 a/b 21.48 ± 0.16 a 18.55 ± 0.04 b 
RPC 23.56 ± 1.25 a 19.17 ± 0.21 a 20.4 ± 0.4 a 18.52 ± 0.26 b 
Conductivity (μs/cm) 
Date 28.2.06 7.3.06 19.3.06 28.3.06 
Control 3909. ± 18.4 b 4171.8 ± 104 a/b 4412.5 ± 90.9 b 4443.8 ± 73 a 
RMM 3655 ± 134.8 a 3923 ± 112.1 a 3832.8 ± 113.7 a 4109.5 ± 100 a 
RMP 3592.5 ± 170.4 a 4419.8 ± 71.8 b 4476 ± 131.2 b 4701± 84.4 b 
RPC 6586.3 ± 39.18 c 7430.8 ± 87.2 c 7127.3 ± 48.9 c 7711 ± 140.7 c 
Oxidation Reduction Potential (Mv) 
Date 28.2.06 7.3.06 19.3.06 28.3.06 
Control 449.5 ± 1.89 d 449.5 ± 1.84 a 450.5 ± 1.84 a 450.5 ± 1.8 c 
RMM 151.75 ± 1.1 c 431.5± 100.2 a 474.25 ± 1.97 b 181 ± 5.67 b 
RMP -29.75 ± 14.6 a 516.5 ± 1.84a 474.5 ± 0.5 b 20 ± 19.8 a 
RPC 44.75± 1.93 b 515.5 ± 0.86 a 485.25 ± 0.47 c 50.5 ± 4.7 a 
Salt (ppt) 
Date 28.2.06 7.3.06 19.3.06 28.3.06 
Control 2.17. ± 0.09 a 2.21 ± 0.08 a 2.20 ± 0.13 b 2.18 ± 0.1 a 
RMM 2.11 ± 0.08 a 2.04 ± 0.08 a 1.95 ± .07 a 2.39 ± 0.06 a 
RMP 2.08 ± 0.12 a 2.26 ± 0.03 a 2.32 ± 0.06 b 2.73 ± 0.05 b 
RPC 3.94 ± 0.03 b 3.92 ± 2.61 b 3.73 ± 0.03 c 4.63 ± 0.1 c 
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Table 4-11 Total mean and standard errors (±SEM) of the differences in the 
Physical and Chemical Features of water from control troughs on dates 
sampled. Means with the same subscript are not significantly different (Games-
Howell multiple comparisons post hoc test P<0.05) 
Sample 
Date 
 
Log 
Turbidity  
(ntu) 
Chl α 
(μg/L) 
Dissolved 
Oxygen (mg/L) 
pH 
16.1.07 
22.1.07 
06.2.07 
20.2.07 
06.3.07 
20.3.07 
 03.4.07 
2.97 ± 0.89 a 
9.77 ± 1.33 a 
5.33 ± 1.31 a/b 
9.40 ± 0.17 b/c 
3.27 ± 0.50 a/b 
0.47 ± 0.26 a 
3.13 ± 0.74 a/c 
269.06± 30.4 a/b/c 
524 ± 26.03 a/b/c 
557.86 ± 0.06 a/b/c 
559.33 ± 0.06 b 
559.8 a/c 
599.8 a/c 
559.9 a/c 
2.96 ± 0.89 a/b  
9.76 ± 0.133 a  
5.33 ± 1.31 a  
9.4 ± 0.17 a 
3.26  ± 0.5 a  
0.46± 0.26 b 
3.13 ± 0.74 a  
9.02± 0.40 a/c 
9.14± 0.17 b 
9.35± 0.008 a 
9.20± 0.006 b/c 
9.53± 0.1 d 
9.55± 0.008 d 
9.72± 0.006 e 
Sample 
Date 
ORP 
(Mv) 
Salt 
(ppt) 
Temp 
(ºC) 
Conductivity  
(μs/cm) 
16.1.07 
22.1.07 
06.2.07 
20.2.07 
06.3.07 
20.3.07 
 03.4.07 
-195.33 ± 26.33 b 
-105.66 ± 22.8 b 
-129.33 ± 29.81 b 
-59.33 ± 5.92 b 
-60.33  ± 56.69 b 
-472.66 ± 62.6 a 
-10.66 ± 65.82b 
2.88 ± 0.06 a 
2.60 ± 0.04 a 
2.75 ± 0.02 a 
2.72 ± 0.01 a 
2.70 ± 0.01 a 
2.77 ± 0.03 a 
2.76± 0.03 b/c 
20.6 ± 0.19b 
17.29 ± 0.17 c 
16.08 ± 0.18 c/d 
23.71 ± 0.24 a 
14.77  ± 0.85 b/d  
16.11 ± 0.21 c 
14.8  d 
4909.66 ± 97.33 a 
4436.33 ± 63.25 a 
4680.66 ± 35.14 a 
4654.66 ± 17.83 a 
4577.33 ± 33.76 a 
4673.66 ± 37.31 a 
4691.66 ± 30.71 b 
 
 
Table 4-12 Total mean and standard errors (±SEM) of the differences in  the 
Physical and Chemical Features of water from troughs containing R. polycarpa 
planted in Lake Pertobe sediment and exposed to Cell 4 (RLP) wetland water on 
dates sampled. Means with the same subscript are not significantly different 
(Games-Howell multiple comparisons post hoc test P<0.05) 
Sample 
Date 
 
Log  
Turbidity  
(ntu) 
Chl α 
(μg/L) 
Dissolved 
Oxygen 
(mg/L) 
pH 
16.1.07 
22.1.07 
06.2.07 
20.2.07 
06.3.07 
20.3.07 
 03.4.07 
4.17 ± 1.26 a 
1.43 ± 0.38 a 
2.8 ± 1.25 a 
6.17 ± 1.18 a 
3.5 ± 0.2 a 
0.77 ± 0.17 a 
2.97 ± 0.45 a 
282.30 ± 23.01 a 
310.03 ± 45.19 a/b 
458.63 ± 42.35 a/b 
551.46 ± 7.68 b 
559.76 ± 0.03 a/b 
599.46 ± 0.43 a/b 
559.86 ± 0.03 a/b 
4.16 ± 1.26 a/b/c 
1.43 ± 0.38 a/b/c 
2.8 ± 1.25 a/b/c 
6.16 ± 0.18 c 
3.5  ± 0.2 a/c 
0.76 ± 0.17 a/b 
2.96 ± 0.49 a/c 
9.19± 0.3 a/c/g 
9.17± 0.13 a/c/g 
9.34± 0.17 a/b 
9.12± 0.13 d/g 
9.44± 0.17b/d/f 
9.46± 0.02 b/e 
9.58± 0.03 d/e/f 
Sample 
Date 
 
ORP 
(Mv) 
Salt 
(ppt) 
Temp 
(ºC) 
Conductivity 
(μs/cm) 
16.1.07 
22.1.07 
06.2.07 
20.2.07 
06.3.07 
20.3.07 
 03.4.07 
-269.67± 61.98 a/b/c 
-390 ± 38.68 a/b 
-329 ± 121.54 a/b 
-398.67 ± 60.16 a/b 
-178.67  ± 53.23 b/c 
-497.33 ± 11.62 a 
-36 ± 79c 
2.35 ± 0.33 a 
2.39 ± 0.12 a 
2.68 ± 0.14 b 
2.76 ± 0.23 b/c/d 
2.72 ± 0.17 b/c 
2.79 ± 0.02 b/c 
2.87 ± 0.04 d 
21.26 ± 0.18 e 
17.75 ± 0.14 d 
16.75 ± 0.17 c 
23.51 ± 0.15 f 
14.98  ± 0.06 a 
16.44 ± 0.41 c 
15.76 ± 0.23 b/c 
4039 ± 61.85 a 
4097.66 ± 23.48 a 
4527.66± 23.12 b 
4724.33 ± 30.83 b/c/d 
4599 ± 28.04 b/c 
4722.33 ± 25.70 c/d 
4838.33 ± 29.71 d 
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Table 4-13 Total mean and standard errors (±SEM) of the differences in the 
Physical and Chemical Features of water from troughs containing R. polycarpa 
planted in Cell 4 sediment and exposed to Cell 4 wetland water (RMM) on dates 
sampled. Means with the same subscript are not significantly different (Games-
Howell multiple comparisons post hoc test P<0.05) 
Sample 
Date 
 
Log  
Turbidity 
 (ntu) 
Chl α 
(μg/L) 
Dissolved 
Oxygen (mg/L) 
pH 
16.1.07 
22.1.07 
06.2.07 
20.2.07 
06.3.07 
20.3.07 
 03.4.07 
2.33 ± 0.37 a 
1.77 ± 1.07 a 
2.63 ± 0.29 a 
6.7 ± 1.75 a 
2.53 ± 0.49 a 
0.40 ± 0.05 a 
4.9 ± 0.5 a 
228.8 ± 33.3 a 
352.86 ± 28.64 a 
396.83 ± 20.63 a 
481.16 ± 41.74 a 
559.8 ± 0.06 a 
599.43 ± 0.46 a 
559.9 a 
2.33 ± 0.37 b 
1.76 ± 1.07 b/a 
2.63± 0.29 b 
6.7 ± 1.75 b 
2.53  ± 0.49 b 
0.4± 0.57 a 
4.9 ± 0.55 b 
9.14± 0.003 a/b 
9.13± 0.11 a 
9.33± 0.008 b 
9.11± 0.11 a 
9.46± 0.38 b/c 
9.5± 0.01 c 
9.64± 0.013 b 
Sample 
Date 
ORP 
(Mv) 
Salt 
(ppt) 
Temp 
(ºC) 
Conductivity 
(μs/cm) 
16.1.07 
22.1.07 
06.2.07 
20.2.07 
06.3.07 
20.3.07 
 03.4.07 
-262.33 ± 54.48 a/b 
-198 ± 94.57 a/b 
-202 ± 65.53 a/b 
-259.66 ± 99.52 a/b 
-114.33  ± 85.57a/b 
-430.33 ± 50.66 a 
-207.09 ± 36.89b 
2.31 ± 0.01 a 
2.39 ± 0.18 a 
2.73 ± 0.02 b 
2.78 ± 0.01 b 
2.79 ± 0.03b 
2.79 ± 0.02 b 
2.78 ± 0.04 b 
21.23 ± 0.49 a/c 
17.97 ± 0.05 a 
16.37 ± 0.08 a/b 
23.87 ± 0.28 c 
14.85  ± 0.32 b 
16.39 ± 0.06 b 
15.84 ± 0.18 b 
3970.66 ± 15.62 a 
4101.66 ± 43.97b/a 
4596 ± 42.09 c 
4745 ± 26.1 c 
4707.66 ± 42.36 c 
4754 ± 70.66 c 
4762.66 ± 34.72 c 
 
Table 4-14 Analysis of Variance of Physical and Chemical features of water 
from control troughs versus dates sampled 
Physical/Chemistry d.f 
d.f 
Error MS Error MS F-value P<0.05 
Turbidity (ntu) Log 6 14 0.035 0.039 7.375 0.001 
Chlorophyll α (μg/L) 6 14 687.399 35195.581 51.201 0.000 
Dissolved Oxygen (mg/L) 6 14 2.239 36.652 16.373 0.000 
pH 6 14 0.001 0.194 197.809 0.000 
Conductivity (μs/cm) 6 14 7930.333 60418.413 7.619 0.001 
ORP 6 14 5830.476 72098.048 12.66 0.000 
Temperature 6 14 0.379 33.395 88.104 0.000 
salt 6 14 0.003 0.021 6.365 0.002 
 
Table 4-15 Analysis of Variance of Physical and Chemical features of water 
from troughs with R. polycarpa planted in Lake Pertobe sediment and exposed 
to Cell 4 wetland water (RLP) versus dates samples 
Physical/Chemistry d.f 
d.f 
Error MS Error MS F-value P<0.05 
Turbidity (ntu) Log 6 14 0.035 0.039 1.107 0.406 
Chlorophyll α (μg/L) 6 14 1896.539 45857.38 24.18 0.000 
Dissolved Oxygen (mg/L) 6 14 2.17 9.515 4.386 0.011 
pH 6 14 0.001 0.09 69.321 0.000 
Conductivity (μs/cm) 6 14 3511.524 299426.413 85.27 0.000 
ORP 6 14 14119.45 71477.190 50.62 0.006 
Temperature 6 14 0.073 29.562 407.134 0.000 
salt 6 14 0.001 0.119 94.938 0.000 
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Table 4-16 Analysis of Variance of Physical and Chemical features of water 
from troughs with R. polycarpa planted in Cell 4 sediment exposed to Cell 4 
wetland water (RMM) versus dates samples 
Physical/Chemistry d.f 
d.f 
Error MS Error MS F-value P<0.05 
Turbidity (ntu) Log 6 14 0.035 0.087 2.477 0.076 
Chlorophyll α (μg/L) 6 14 1756.279 49127.082 27.972 0.000 
Dissolved Oxygen (mg/L) 6 14 2.145 13.184 6.147 0.002 
pH 6 14 0.001 0.133 138.711 0.000 
Conductivity (μs/cm) 6 14 5400.619 341016 63.144 0.000 
ORP 6 14 16279.048 57291.190 3.519 0.025 
Temperature 6 14 0.203 32.330 159.539 0.000 
salt 6 14 0.002 0.133 65.994 0.000 
 
Table 4-17 Analysis of Variance of Physical and Chemical features comparing 
replication of treatments over the time of the trial 
Physical/Chemistry d.f 
d.f 
Error MS Error MS F-value P<0.05 
Turbidity (ntu) Log 2 60 0.034 0.095 2.826 0.067 
Chlorophyll α (μg/L) 2 60 14177.793 21817.544 1.539 0.223 
Dissolved Oxygen (mg/L) 2 60 7.379 22.804 3.091 0.053 
pH 2 60 0.042 0.006 0.151 0.860 
Conductivity (μs/cm) 2 60 74015.994 152706.619 2.063 0.136 
ORP 2 60 28540.076 123696.873 4.334 0.017 
Temperature 2 60 9.681 1.399 0.144 0.866 
salt 2 60 0.029 0.55 1.907 0.157 
 
 
Table 4-18 Analysis of Variance of Physical and Chemical features comparing 
treatments between dates sampled 
Physical/Chemistry d.f 
d.f 
Error MS Error MS F-value P<0.05 
Turbidity (ntu) Log 6 56 .027 117 4.376 .001 
Chlorophyll α (μg/L) 6 56 3701.690 114501.339 30.932 .000 
Dissolved Oxygen (mg/L) 6 56 4.694 37.573 8.004 .000 
pH 6 56 .007 .359 48.937 .000 
Conductivity (μs/cm) 6 56 41245.832 406101.041 9.846 .000 
ORP 6 56 17119.825 166848.021 9.746 .000 
Temperature 6 56 .275 94.711 344.230 .000 
salt 6 56 .015 .162 10.440 .000 
 
